Zbe  Tllnivcreit^  ^Tutorial  Scries, 

General  Editok— WM.  BRIGGS,  LL.D.,  M.A.,  F.O.S.,  F.E.A.S. 

«»«  

AN  INTEODUCTION 

TO  THE 

CARBON  COMPOUNDS. 


Digitized  by  the  Internet  Archive 
in  2015 


https://archive.org/details/b21501269 


Zbc  ^nixfcveit^  ^Tutorial  Series. 


AN  INTRODUCTION 

TO  THE 

CAEBON  COMPOUNDS. 

INCL  VDINQ  THOSE  SET  IN  THE  SYLLAB  US  OF  THE  INTERMEDIA  TE 
SCIENCE  AND  PRELIMINARY  SCIENTIFIC  EXAMINATIONS 
OF  LONDON  UNIVERSITY  AS  WELL  AS  THOSE  OF 
THE  FIRST  MB.  SYLLABUS  OF  THE 
UNIVERSITY  OF  CAMBRIDGE. 


BY 

E.  H.  ADIE,  M.A.,  B.Sc, 

lECTUnEE  IN  CHEMISTRY,  ST.  JOIIN's  COLLEGE,  CAMDEIDGE. 

Second  Impression. 


London:  W.  B.  OLIVE, 

f^Univnstty  Corre.iiioiide.uce  College  Press), 

167  Drtjry  Lane,  "W.C. 
1903. 


V 


WELLCOME  INSTITUTE 
LIBRARY 

Coll. 

welMOmec 

Call 

No. 

PREFACE. 


A  TEACHER  of  Chemistry  sometimes  finds  it  difacult  to 
induce  those  of  his  students  who  are  studying  the  physiology 
of  animal  and  plant  life  for  Science  and  Medical  degrees 
to  regard  organic  chemistry  with  the  attention  it  warrants. 
The  importance  to  the  student  of  physiology  of  a  subject 
which  helps  him  to  understand  the  chemical  changes  brought 
about  by  living  matter,  and  the  discussions  arising  there- 
from, make  it  at  any  rate  worth  while  to  try  to  furnish 
him  with  a  small  work  on  the  elements  of  the  subject 
treated  in  as  simple  a  manner  as  possible ;  at  the  same 
time  it  is  necessary  in  the  case  of  the  science  student  to 
impress  and  emphasize  the  fact  that  organic  chemistry  is 
just  as  much  a  practical  experimental  subject  as  inorganic. 
With  this  in  view,  in  a  book  of  which  the  dimensions  cannot 
be  considered  formidable,  an  attempt  has  been  made  to 
lead  the  student  to  a  consideration  of  the  more  important 
groups  of  carbon  compounds  by  using  famHiar  compounds 
as  far  as  possible,  without  laying  too  great  stress  on  general 
methods,  and  it  is  hoped  that  he  will  work  through  the 
experiments  as  he  reads  the  book.  Such  details  are  given 
as  wiU  enable  him  to  do  this  with  occasional  assistance 
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from  a  teaclier.  By  this  means  will  be  gained  a  practical 
familiarity  witli  tlie  chemical  relations  and  properties  of 
the  chief  classes  of  compounds  which  may  be  studied  later 
fi'om  other  points  of  view. 

The  actual  compounds  examined  and  described  have 
been  selected  to  cover  the  carbon  compounds  of  the  Inter- 
mediate Science  and  Preliminary  Scientific  syllabus  of 
London  University  as  well  as  those  of  the  First  M.B. 
syllabus  of  the  University  of  Cambridge. 

E.  H.  Adie. 

Cambridge, 

February,  1899. 
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CHAPTER  I. 

INTEODTJCTORY. 


1  Oeganic- chemistry  naay  be  considered  as  essentially 
the  chemistry  of  a  limited  number  of  elements,  viz.,  those 
which  enter  into  the  composition  of  all  livin-  matter 
carbon,  oxygen  hydrogen,  and  nitrogen,  but  these  four 
by  the  variety  of  their  compounds,  make  up  for  the  small- 
ness  or  their  mirnber. 

2.  Again,  in  this  subject  we  deal  for  the  most  part  with 
molecules,  so  that  we  must  remind  ourselves  of  a  few  of 

w""'''\'r"T*'''''U'"^'^*'  Molecular  and  atomic 

theory.  We  have  hrst  the  two  definitions  of  a  molecule  ■ 
)^lAi7  ]^^''  ■'«'«^^<^'i  portion  of  any  substance  which  is 
capable  of  exishng  m  a  free  state-    (ii)  Cierk  Maxwell's 

ebintiou:  -^!  (jaseous  molecule  is  that  minute  portion  of  a 
subslance  xvh,ch  moves  about  as  a  whole,  so  that  its  parts  if  it 
the"gl'  """^""^  '^"'''"^  "S^taiioi  of 

of  ^J^^'^'i"''''^  te  followed  by  the  important  generalisation 
of  Avogadro  or  Avogadro's  Law,  winch  is  simplv  stated 

tmpeuUare  and  pressure  contain  equal  numbers  of  molecules 
The  deduction  f^m  tli  s  law  wliich  connects  the^molecu  ar 
weight  of  a  body  with  its  vapour  density  on  the  scale  in 
winch  hydrogen  is  taken  as  unity  is  mo.:t  important 

ihus,  if  there  be  «  molecules  each  of  a  mass  (m  \ 
grammes  m  unit  volume  of  any  gas  at  0°C.  and  760  mm' ^ 

Curb.  Comp,  '-^^u.,, 
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then  its  density  (=  mass  of  1  c.c.)  under  those  conditions 
equals  n  X  »ii  =  d^.  Similarly,  for  any  other  gas  of  density 
{di)  there  will  be  (^^)  molecules  each  of  mass  {m^)  grammes 
in  the  same  volume  under  the  same  conditions.  Hence, 
since  d^  =       and  d^  —  mn-, 

d\  nm\  nil 

d^_     nrru  mi 

Now,  in  chemistry  we  actually  use  as  our  unit  of  mass, 
the  mass  of  11,100  cubic  centimetres  of  hydrogen  (=  1  gm.), 
and  we  also  use  as  our  unit  of  molecular  weights  the  mass 
of  22,200  c.c.  of  hydrogen  reckoned  as  2.  Ly  substituting 
these  values  for     and  w,,  we  have 

or  m^-  2(?,. 

12 

That  is  the  molecular  weight  of  any  gas  on  the  scale  in 
which  the  molecular  weight  of  hydrogen  equals  2,  is  twice 
the  density  expressed  in  the  scale  in  which  the  mass  of 
11,100  c.c.  of  hydrogen  equals  1. 

4.  Hence,  in  dealing  with  the  chemistry  of  molecules  it 
becomes  of  the  utmost  importance  to  be  able  to  determine 
densities  of  vapours  or  rapotir  de?isities. 

Now,  since        mass     =  volume  x  density, 

,     .,  mass 
density  =c___, 

it  will  be  seen  that  we  can  either  (i)  measure  out  a  known 
volume  of  a  vapour  and  determine  its  mass,  or  (ii)  weigh 
out  a  known  mass  and  determine  the  volume  it  occupies  in 
the  state  of  vapour.  The  former  is  the  method  of  Dumas, 
the  latter  of  Victor  Meyer. 

Exp.  1.— Dumas'  method.  Take  a  bulb  or  Florence 
flask  with  its  neck  drawn  out  in  the  blowpipe 
flame  to  a  long  fine  tube,  clean  it  and  weigh  it 
(=  ivi).  Read  the  temperature  (=  and  baro- 
metric pressure  (=jomm.).  Warm  the  bulb  and 
place  the  open  end  under  a  few  c.c.  of  chloroform 
m  a  dish.  When  some  of  the  chloroform  has 
been  sucked  back  into  the  bulb,  warm  and  repeat 
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the  operation  until  the  bulb  is  about  one-tenth  full. 
Hold  the  bulb  under  the  surface  of  some  boiling 
water    (at    100°)    and    watch  the 
liquid  in  the  bulb.    It  boils,  drives 
out  the  air  and  gradually  distils  out 
of  the  bulb.    As  soon  as  every  drop 
of  liquid  has  gone  and  the  vapour 
stops   rushing    out    of    the  tube, 
seal  the  end  of   the  tube   by  a 
flame,  allow  the  bulb  to  cool,  clean 
and  weigh  {=  iVo).    To  measure  the 
volume  of  the  bulb,  break  the  end 
of  the  tube   off  under  water  and         Fjo.  i 
allow  the  bulb  to  fill  with  water, 
weigh  again  together  with  piece  of 'glass  broken  off 

Then      —  iv,  =  weight  of  water  contained  in  bulb 

=:  volume  of  bulb  —  u.c. 
Calculate  the  weight  of      c.c.  of  air  at  t°  and 
p  mm.  ^c;^. 

Then  weight  of  glass  of  bulb  =  to,  -  tv,  =  and 
the  weight  of  cc.  of  chloroform  vapour  at  100° 
and  p  mm.         =  w.^  —  tv. 

^Calculate  the  volume  of      c.c.  at  t°  and  p  mm 
—  v„   which  IS   the  volume  occupied  by  tv  —  tv 
grammes  of  chloroform  vapour  at  t°  and p  mm 
Then  specific  gravity  of  chloroform  vapour  (air=l) 


.  w.^  —  tv  ^ 
V2  tv. 


and  vapour  density  {II=z  1) 
_  (ifa  —  tv)  Vx 


X  14-4. 

V2  X  iv. 

The  molecular  weight*  {R~  2)  is  thus 
-    ^~  ^'  X  28-8. 

*  The  aljove  steps  have  heen  siven  in  urpfprpn^o     o  *  , 
the  whole  more  practical  and  reqLing  Im  Sof„^^^^^^^^  ^  °" 
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This  metliod  is  applicable  to  solids,  liquids  and  gases, 
and  by  appropriate  adjustment  of  the  temperature  of  the 
bath,  to  bodies  whose  vapours  decompose  at  a  temperatui-e 
only  a  little  above  their  boiling  point. 

5.  Exp.  2.— Victor  Meyer's  method.  The  apparatus 
consists  of  a  glass  tube  A  about  60  cm.  long  and 
5  mm.  bore,  one  end  of  which  is  enlarged  into  a 

cylindi'ical  bulb 
about  15  cm. 
long  and  20  mm. 
bore.  The  other 
end  is  corked 
and  a  delivery 
tube  B  C  is  blown 
into  the  side  of 
the  main  tube 
about  10  cm. 
from  the  corked 
end.  The  tube 
is  supported  ver- 
tically with  the 
bulb  in  a  larger 
tube  D  in  which 
a  liquid  of  higher 
boiling  point  than 
the  substance,  is 
boiled.  Put  some 
water  in  the  outer 
tube  D  and  boil 
it.  Take  a  very 
small  bulb,  made 
by  drawing  out  a 
piece  of  glass 
tube  very  tine, 
weigh  it  (=  «•,) 
Fiy-.  2.  and  fill   it  witli 

ether  as  in  Exp.  1. 

"Weigh  it  again  (=  tVj).  The  difPerence  between  the 
weighings  is  the  weight  of  ether  whose  volume  we 
are  to  determine     the  state  of  vapour  (=  tVi  —  f<;,). 
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When  bubbles  of  air  have  ceased  to  rise  from 
tlie  end  of  the  delivery  tube  which  is  immersed  in 
water,  place  a  gas  measuring-tube,  U,  filled  with 
water  over  the  end.  Eemove  the  cork,  drop  the 
weighed  tube  and  ether  into  the  bulb,  and  replace  the 
cork  as  quickly  as  possible.  In  a  few  moments  the 
ether  evaporates  and  expels  air  which  collects  in  the 
gas  tube.  When  the  air  has  been  expelled  remove  the 
cork,  allow  the  gas  tube  to  cool  and  read  the  volume 
of  the  gas  (yi)  and  its  temperature  {t°)  and  pressiu-e. 
Correct  this  volume  for  temperature,  pressure,  pres- 
sure of  water  vapour  at  t° ,  calculate  the  weight 
which  this  corrected  volume  (=^2)  of  hydrogen 
would  weigh  and  divide  the  weight  of  ether  taken 
by  the  weight  of  the  equal  volume  of  hydrogen.  Thus 

vapour  density  (H  =  1)  —  ^  H  loo 

This  method  is  applicable  to  solids  and  liquids  which 
are  not  easUy  decomposable,  and  can  be  used  with  any 
gas  m  the  bulb,  e.g.  air,  nitrogen,  hydrogen,  etc.  The 
temperature  of  the  bulb  must  be  some  degrees  higher  than 
the  boilmg  pomt  of  the  body  whose  vapoiu-  density  is 
bemg  determmed,  and  water,  anihne,  oil,  sulphur,  or 
fusible  alloy  are  used  to  heat  it.  '       i  > 

[Other  methods  based  on  the  Eaoult  method  are  used  in 
tlie  case  of  bodies  which  cannot  be  vaporised  without 
decomposition,  but  which  are  soluble.  See  Tutorial 
Chemistry,  Part  II.,  p.  76  ^^if  seq.'] 

6.  A  consideration  of  the  volume  changes  in  the  reactions 
of  gases  leads  to  the  recognition  of  the  existence  of  smaUer 
parts  withm  the  molecules,  viz.,  the  atoms,  so  that 
molecules  are  built  up  of  atoms  held  together  by  some 
attractive  force  which  for  want  of  more  definite  in VrmT 
tion  we  call  chemical  affinity. 

ri^m-«f°n'  ^^'^l^e^^^.^  o^ly  contain  two  atoms,  e.g. 
nfnr.  o.f'         ^^^f  ^^f^  We  can  only  assume  that  each 
atom  acts  on  the  other,  but  in  the  case  of  other  molecules 
with  three  or  more  atoms,  e.g.  O3  and  H,0,  we  have 
greater  possibilities,  as  each  atom  may  attrac  botl  others 
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or  one  may  attract  the  otlier  two.  We  get  out  of  this 
diflB.culty  wlien  we  look  more  closely  into  molecular 
compositions  and  notice  that  a  single  hydrogen  or  chlorine 
atom  is  never  combined  with  more  than  one  other  atom. 
We  also  notice  that  one  oxygen  atom  generally  combines 
with  two  other  atoms,  one  nitrogen  atom  with  three  or  five 
others,  and  one  carbon  atom  with  four  others.  We  call 
this  property  of  atoms,  their  valency,  and  we  agree  to 
define  it  as  a  number  representing  the  maximum  number 
of  atoms  which  the  atom  we  are  considering  can  hold 
together  to  form  a  molecule.  The  atoms  of  chlorine  and 
hydrogen  are  thus  our  standard  monovalent  atoms. 

The  question  of  valency  is  of  the  utmost  importance  in 
organic  chemistry,  as  the  whole  question  of  the  existence 
of  such  numbers  of  carbon  compounds  is  connected  with 
that  of  valency. 

[We  also  find  that  there  is  some  difference  of  opinion 
as  to  whether  valency  should  be  considered  constant  or 
variable.  Much  has  been  written  on  the  subject.  We 
shall  have  to  refer  to  it  later.]' 


CHAPTEE  ir. 


OEGAJSnC  COMPOUNDS.     PURIFICATION  AND  ANALYSIS. 

7.  The  number  of  organic  compoimds  available  for 
investigation  is  so  large  tliat  it  is  difficult  to  decide  at  what 
point  to  begin.  We  bave  plant  and  animal  structures 
wbicli  are  obviously  mixtures;  we  have  tbe  direct  pro- 
ducts of  living  matter  both  soluble  and  insoluble  in  water, 
e.g.  starch,  sugar,  essential  and  other  oils,  etc.  We  have 
also  products  of  fermentation  and  putrefaction,  e.g.  spirit, 
vinegar,  &c.,  but  we  should  perhaps  expect  that  the  pro- 
ducts obtained  fi-om  organic  compounds  by  the  action  of 
heat,  destructive  distillation,  are  likely  to  be  simpler  in 
character  than  those  from  which  they  are  derived.  We 
meet  such  products  in  the  cases  of  coal,  oil  shale,  petroleum, 
and  wood  distillation. 

8.  These  natm-al  organic  compounds  are  generally 
impure  and  it  becomes  necessary  to  purify  the  bodies 
before  attempting  to  identify  them.  The  operations  are 
on  the  whole  as  general  as  the  methods  available  in  inorganic 
chemistry.    Thus  we  employ  distillation. 

Exp.  3. — Place  a  mixture  of  methylated  spirit  and  water 
(half  and  half),  in  a  distilling  flask  connected  with  a 
condenser,  and  provided  with  a  cork  through  which  a 
thermometer  is  fixed,  at  such  a  distance  that  its  bulb 
is  just  below  the  side  exit  tube.  Support  the 
apparatus  by  a  retort  stand,  place  a  burner  under 
the  flask  and  a  receiver  under  the  end  of  the  con- 
denser tube,  and  note  the  rise  of  the  thermometer. 
"When  the  liquid  boils  it  rises  at  once  to  about  79'5° 
and  remains  at  that  point  for  a  short  time,  it  then 
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gradually  rises  until  it  reaches  nearly  100°.  Cliange 
the  receiver  wJien  tlie  temperature  begins  to  rise 
above  about  85°,  and  again  at  about  99°.  In  this 
way  the  mixture  is  separated  into  three  parts  or 
fractions  which  boil  at  diflerent  temperatures.  Try 
to  light  some  of  the  original  and  the  fi'actions.  Tlie 
first  fraction  only  bui-ns  and  contains  the  greater  part 
of  the  spirit. 


The  process  just  described  is  called  fractional  distillation, 
and  is  largely  used  in  separating  mixtui'es  of  hquids. 

9.  The  method  of  purification  by  solution  and  filtration 
or  crystallisation,  is  similar  to  that  in  use  in  inorganic  work, 
except  that  the  number  of  solvents  available  is  much 
greater  in  organic  work.  In  addition  to  water,  alcohol, 
ether,  chloroform,  acetic  acid,  benzene,  petroleum  and 
sometimes  glycerin,  are  used.  Since  these  bodies  are  not 
equally  soluble  in  each  other,  separation  )s_  sometimes 
effected  by  taking  a  substance  which  is  dissolved  or 
disseminated  in  one  liquid  out  of  tliat  liquid  by  meaus  of 
another  liquid,  i.e.  the  method  of  extraction  by  shaking 
with  ether  or  chloroform. 
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Exp.  4. — Place  some  milk  in  a  cylinder  and  add  to  it 
some  caustic  soda  solution  and  some  ether,  and 
shake  well  up.  Allow  it  to  stand  ;  in  a  short  time 
the  ether  will  rise  to  the  surface  with  the  dissolved 
fat.  Pipette  ofl:  a  few  drops  and  put  on  blotting- 
paper.  The  drops  evaporate,  leaving  a  grease  spot 
behind. 

10.  The  tests  which  are  available  for  the  bodies  separated 
by  any  method  are  quite  general,  and  consist  in  the  first 
place  of  the  characteristic  reactions  of  the  chief  elements. 

Exp.  5. — Take  some  powdered  pure  copper  oxide,  heat 
it  to  redness  in  a  crucible,  and  allow  it  to  cool  in  a 
dessicator.  Mix  with  it  a  little  sugar  and  heat  the 
mixture  in  a  hard  glass  tube.  Note  that  water 
(tested  by  anhydrous  copper  sulphate  which  it  turns 
blue)  is  formed  from  sugar  and  the  dry  oxide,  a  proof  of 
the  presence  of  hydrogen.  LoAver  a  dj.*op  of  lime  water 
into  the  tube  on  a  glass  rod;  it  is  turned  milky, 
hence  carbon  dioxide  is  present,  which  must  have 
come  from  carbon  in  the  sugar. 

Exp.  6. — Take  a  small  piece  of  gelatine,  put  it  in  a  test- 
tube,  add  a  smaU  piece  of  sodium  about  the  size  of  a 
pea  and  heat.  When  the  action  stops  put  the  tube 
into  a  larger  tube  or  beaker  and  add  water,  ferrous 
sulphate,  ferric  chloride,  and  hydrochloric  acid.  The 
formation  of  a  blue  colour,  Prussian  blue,  shews  that 
nitrogen  has  been  contained  in  the  gelatine.  (See 
P.-77). 

Sulphur,  phosphorus  and  the  halogens  may  be  identified 
by  fusing  some  of  the  substance  with  potassium  nitrate 
and  then  testing  for  a  sulphate,  phosphate  or  haloid  salt, 
respectively. 

Exp.  7. — Take  a  little  white  of  egg,  mix  it  Avith  potassium 
carbonate,  and  heat.  When  the  reaction  is  over 
place  the  residue  on  a  silver  coin  and  moisten  with 
dilute  hydrochloric  acid,  a  black  stain  of  silver  sul- 
phide shews  the  presence  of  siilphur. 
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11.  Modifications  of  the  above  methods  of  testing  for 
tlie  elements  are  used  to  determine  tlie  quantitative  com- 
position of  organic  bodies.  To  determine  the  percentage 
of  carbon  and  hydrogen,  a  weighed  quantity  of  the  body  is 
mixed  with  excess  of  copper  oxide  and  heated  in  a  long 
glass  tube,  or  it  is  heated  in  a  stream  of  oxygen  which  is 
then  passed  over  red  hot  copper  oxide.  The  water  and  the 
carbon  dioxide  formed  are  collected  in  a  calcium  chloride 
tube  and  a  solution  of  caustic  potash  respectively  and 
weighed.  Then  since  44  grammes  of  carbon  dioxide  con- 
tain 12  grammes  of  carbon,  and  18  grammes  of  water 
contain  2  grammes  of  hydrogen,  the  carbon  in  the  weighed 
substance  =  it  =  -rr  weight  of  carbon  dioxide,  and  the 
hydrogen  in  the  weighed  substance  = =  ^  weight  of 
water.  In  this  reaction  any  nitrogen  present  is  evolved  in 
a  free  state  and  may  be  collected  and  measured  after 
passing  through  caustic  potash  solution  to  absorb  carbon 
dioxide.  The  details  of  organic  analysis,  i.e.  the  carhon 
and  hydrogen  and  the  nitrogen  combustion  are  beyond  the 
scope  of  this  work,  as  are  also  numerous  methods  of 
determining  nitrogen,  sulphur,  phosphorus,  the  halogens, 
etc. 

12.  Having  obtained  the  percentage  composition  of  any 
body  it  becomes  possible  to  convert  it  at  once  into  a 
molecular  composition  by  the  usual  steps. 

(1)  Calculate  the  composition  of  an  amount  of  the  body 
which  contains  one  part  by  weight  of  hydrogen,  or  sixteen 
of  oxygen,  or  twelve  of  carbon. 

(2)  Divide  the  molecular  weight  by  the  sum  of  the  com- 
ponents expressed  as  above,  and  find  the  nearest  whole 
number  to  the  quotient. 

(3)  Multiply  the  composition  (1)  by  this  whole  niimber 
throughout,  and  it  becomes  the  molecular  composition. 
[Special  cases  will  be  found  in  §  14  and  21.] 
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13.  In  starting  witli  a  gas  prepared  by  the  decomposition 
of  organic  matter,  e.g.  coal  gas,  we  test  first  of  all  by 
"burning.  ~~ 

Exp.  8. — Collect  a  cylinder  of  coal  gas  (which  has  been 
passed  over  caustic  potash'To'remove  carbon  dioxide 
and  through  sulphui-ic  acid  to  remove  water)  by 
upward  displacement  and  apj)ly  a  light  to  it.  The 
gas  burns  and  the  product  left  in  the  cylinder  turns 
lime  water  milky.   Notice  that  water  is  formed  as  well. 

Coal  gas  then,  contains  combined  carbon,  and  hydrogen 
combined  or  free,  perhaps  both.  If  the  gas  is  passed  through 
a  long  porous  tube  or  over  spongy  platinum — or  better, 
palladium — about  forty  per  cent,  is  found  to  be  hydi-ogen. 
The  residue  still  forms  carbon  dioxide  and  water  on 
burning.  If  the  residual  or  original  gas  is  allowed  to 
stand  over  strong  sulphuric  acid  about  eight  per  cent, 
disappears,  but  the  residual  fifty  per  cent,  of  the  original 
gas  still  contains  carbon  and  hydrogen.  The  properties  of 
this  gas  are  similar  to  those  of  a  gas  prepared  from 
vinegar  by  heating  it  with  excess  of  soda  lime,  or  better 
fi'om  sodium  acetate  by  heating  it  with  soda  lime. 

14.  The  analysis  of  this  gas,  obtained  by  burning  it 
with  red  hot  copper  oxide,  gives  the  following  percentage  : 

Carbon  =  75-CO 
Hydrogen  =  25*00 


100  00 

which,  when  arranged  in  terms  of  one  part  by  weight  of 
hydrogen  is  Carbon      =  3 

Hydrogen  =:  1 

4 

11 
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Now  the  vapour  density  (Lycli-ogen  =  1)  of  this  gas  is  8, 
so  that  the  molecular  weight  of  the  gas  (hydrogen  =:  2)  is 
16,  and  we  must  multiply  each  of  the  above  figures  by 
four  to  produce  a  molecular  composition,  thus 
Carbon      =3x4  =  12=0 
Hydrogen  =  1x4=  4=H4 

4x4  Te 

The  molecular  formula  of  the  gas  is  thus  CH4,  and  it  is 
called  marsh  gas  or  methane.  As  it  contains  the  least 
possible  amount  of  carbon  per  molecule,  i.e.  one  atom,  it 
is  looked  upon  as  the  simplest  and  most  fundamental 
compound  of  carbon  and  hydrogen. 

Methane  or  marsh  gas  is  found  in  nature  among  the  pro- 
ducts of  fermentation  and  decay  in  a  limited  supply  of  air, 
e.g.  in  the  decay  of  vegetable  matter  under  water  in 
stagnant  pools,  marshes,  and  bogs.  It  is  also  found  in 
coal  mines  as  the  explosive  fire-damp,  and  in  the  natural 
gas  of  the  oil  districts. 

Methane  is  prepared  in  various  ways  : — 

(1)  By  the  action  of  soda  lime  on  sodium  acetate. 


Fig.  4. 


Exp.  9. — Put  some  fused  sodium  acetate  in  a  hard  glass 
flask  with  excess  of  soda  lime.    Fit  with  delivery 
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tube  and  arrange  to  collect  over  water  (Fig.  4).  Heat 
the  flask  and  collect  the  gas,  after  driving  out  the  air. 
Care  must  be  taken  not  to  fuse  the  flask  locally  or  to 
allow  condensed  water  to  run  back  on  the  hot  parts. 
Notice  the  colour,  taste,  and  smell  of  the  gas. 
Prove  that  it  is  lighter  than  air,  and  that  it  explodes 
when  mixed  with  ten  times  its  volume  of  aii-  in  a 
soda-water  bottle.  Prepare  an  extra  cylinder  for 
Exp.  10. 

(2)  By  acting  on  a  compound,  zinc  methyl  or  sodium 
methyl  by  water.  This  method  is  available  for  getting 
the  gas  pure. 

(3)  By  the  action  of  a  zinc-copper  couj)le  on  methyl 
iodide  in  acidified  alcoholic  solution. 

16.  It  wiU  be  seen  that  no  equations  have  been  given, 
and  it  wiU  be  well  to  consider  the  subject  of  equations 
very  briefly. 

An  equation  should  teU  us  as  far  as  possible  (i)  the 
elements  taking  part  in  a  reaction,  their  arrangement 
before  and  after,  and  the  weights  of  the  initial  and  final 
'  products ;  (ii)  the  volume  of  any  gaseous  constituents ; 
and  (iii)  something  (generally  not  much)  about  the  con- 
ditions of  the  reaction.  In  inorganic  chemistry  these 
requirements  are  generally  fairly  fulfilled,  but  in  organic 
chemistry  they  are  not,  because  as  a  rule  the  product 
desired  is  only  one  of  several,  and  may  only  represent  a 
very  small  part  of  the  total  products.  Any  use  of 
equations  must  hence  be  subject  to  this  grave  defect. 

The  equations  generally  given  for  the  above  reactions  are 

(1)  NaaHjO^  +  NaOH  =  Na^COa -f  CHi 

Sodium  acetate 

Even  at  this  stage  this  equation  suggests  that  the  two  car- 
bon atoms  in  sodiimi  acetate  must  have  different  properties, 

(2)  Zn(CH3)2  +  2  H,0  =  Zn(0H)2  +  2  CH4 
zinc  methyl 

(3)  CH3I  +  K,  =  CH,  +  HI. 
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17.  Methane  is  a  colourless  tasteless  gas  with  a  slight 
smell  of  coal  gas;  it  can  be  liquefied  by  pressure  and  low 
temi^erature,  and  boils  at  —164°.  It  is  about  half  as 
heavy  as  air,  its  vapoiir  density  [hydi-ogen  =  1]  being  only 
8  compared  with  that  of  air  =  14-4.  When  mixed  with 
excess  of  oxygen  and  exploded,  a  contraction  is  observed 
equal  to  twice  the  volume  of  the  gas  taken,  and  caustic 
pctash  absorbs  from  the  residue  a  volume  of  carbon  dioxide 
equal  to  the  volume  of  the  original  gas.  An  examination 
of  the  products  of  explosion  at  100°  shows  that  a  volume 
of  steam  is  formed  equal  to  twice  the  volume  of  the  original 
gas,  so  that  1  c.c.  of  methane  gives  rise  to  1  c.c.  of 
carbon  dioxide  and  2  c.c.  of  steam.  Applying  Avogadro's 
Law, 

]  molecule  of  methane  gives  rise  to  1  molecule  of  carbon  dioxide 

+  2  molecules  of  steam. 
Now  each  molecule  of  carbon  dioxide  contains  one  atom 
of  carbon,  and  each  molecule  of  steam  contains  two  atoms 
of  hydrogen,  and  there  is  no  oxygen  in  marsh  gas, 

.'.  1  molecule  of  methane  contains  1  atom  of  carbon 

+  4  atoms  of  hydrogen, 

and  is  represented  by  the  formula  OH4.  This  gives  another 
and  independent  proof  of  the  composition  of  methane. 

18.  In  addition  to  oxygen  other  reagents  are  used : — 
(rt)  Chlorine : — 

Exp.  10. — Mix  a  cylinder  of  methane  with  an  equal 
volume  of  chlorine.  White  fumes  are  seen  in  day- 
light and  the  mixture  explodes.  The  mixture  also 
explodes  under  the  influence  of  daylight  or  burning 
magnesium  wire.  The  chlorine  disappears  and  fumes 
of  hydrochloric  acid  are  seen.  The  products  are 
hydrochloric  acid  gas,  which  is  readily  absorbed  by 
water,  and  another  colourless  gas,  Avhich  is  only 
eHghtly  soluble  in  water.  The  gas  bui-ns  to  a  mix- 
ture of  carbon  dioxide,  steam  and  hydrochloric  acid, 
and  the  percentage  composition  and  molecular  weight 
are  represented  by  the  formula  CII3CI,  it  is  called 
monochlormetJiane  or  methyl  chloride. 
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Bromine  and  iodine  have  little  or  no  action  on  this  gas. 
{b)  Hydrochloric  acid  has  no  action. 

(c)  Sulphuric  and  nitric  acids  have  no  action  unless 

above  150°  and  then  the  action  is  only 
slow. 

(d)  Caustic  potash  has  no  action. 

{e)  Oxidising  and  reducing  agents  do  not  affect  the 
gas. 

Since  the  molecide  of  the  gas  contains  four  hydrogen 
atoms  combined  with  one  carbon  atom,  the  carbon  atom 
is  tetravalent,  and  it  is  only  possible  to  obtain  derivatives 
from  it  by  replacing  or  suhstituting  one  or  more  of  the 
hydrogen  atoms  by  other  monovalent  atoms  or  groups  as 
in  the  above  case  of  chlorine.  In  fact,  the  repeated  action  of 
chlorine  yields  the  bodies  CH3CI,  CH^Cl,,  CHCI3,  and  CCI4 
which  must  be  studied  later  together  with  the  iodine  sub- 
stitution derivatives  prepared  by  other  methods. 

19.  Syntheses  of  methane  which  connect  organic  com- 
pounds with  inorganic  may  be  given  here. 

(fl)  Hydrogen  unites  directly  with  carbon  at  1200° 
to  form  methane. 

_  {h)  An  electric  spark  passing  between  carbon  poles 
in  an  atmosphere  of  hydrogen  causes  the  formation 
of  methane  to  the  extent  of  2^  to  3  per  cent,  of  the 
volume  of  the  hydrogen. 

(c)  A  mixture  of  carbon  bisiilphide  vapour  and 
sulphuretted  hydrogen  (made  by  passing  sulphuretted 
hydrogen  through  carbon  bisulphide),  when  passed 
over  red  hot  copper  loses  sulphur,  while  the  carbon 
and  hydrogen  combine  to  form  methane.  An 
equation  can  be  written 

8  Cu  4-  2  HoS  -t-  CS,  =  4  Cu^S  CH4. 

20.  When  the  substitution  derivatives  of  methane  are 
carefully  examined  it  is  found  that  only  one  mono-substi- 
tution derivative,  i.e.  a  compound  foi-med  by  substitutino- 
one  hydrogen  atom  by  one  monovalent  atom  or  gi'oup  can 
be  prepared.    Thus  it  is  possible  to  replace  each  of  the 
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hydrogen  atoms  in  turn  by  clilorine,  and  the  resulting 
monoclilormetlianes  are  identical. 

Hence  we  assume  that  aU  the  hydrogen  atoms  are 
symmetrically  attracted  by  the  carbon  atom,  and  we  draw 
a  formida  to  represent  this  in  one  plane,  thus 

H 
I 

H-C-H 

I 

H 

or  in  space  by  representing  the  carbon  atom  as  the  centre 
of  a  tetrahedron  formed  by  the  four  hydrogen  atoms,  thus 


H 


H  H 


These  are  constitutional  formulae,  and  are  of  the  gi'eatest 
use.    We  must  return  to  them  later. 

21.  Starting  with  methyl  chloride,  CII3CI,  it  is  j)ossible 
to  prepare  an  unlimited  number  of  bodies.  It  is  possible 
to  remove  the  chlorine  fi'om  the  molecule  by  means  of 
sodium.  The  methyl  chloride  is  dissolved  in  etlier  and 
sodium  is  placed  in  the  solution.  A  gas  is  given  off  which 
resembles  methane  in  its  reactions  and  is  called  ethane. 
By  combustion  its  percentage  composition  and  the  amount 
required  to  contain  one  part  by  weight  of  hydi-ogen  are 
found  to  bo  Carbon     =  80-00  =  4 

Hydrogen  —  20-00  =  1 


100-00  =  5 
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The  vapour  density  [H=  1]  is  15,  and  its  molecular 
weight  [II  =  2]  is  30.    Hence  its  molecular  composition  is 
Carbon      =  4  X  6  =  24  =  Cj 
Hydrogen  =  1x6=   6  =  Hg 

5  X  6  =  30 

The  formula  OaHe  may  be  considered  to  be  derived  fi-om 
CH.4  hy  (J)  the  substitution  of  a  group  of  atoms  OH.,  for 
one  hydrogen  atom,  or  (ii)  the  addition  of  a  group  OH,. 
The  former  hypothesis  is  the  only  one  which  is  consistent 
vnth  the  tetravalency  of  the  carbon  atom,  so  we  must 
adopt  it.  Thus 

CH3CI  +  CH.Cl  +  2  Na  =  CH3  -  CH3  +  2  NaCl 
It  may  also  be  expressed  structurally  like  this 

H  '  H 

I    I 

H-O-iClNaNaai-  C-H 

i  ■ i 

22.  Ethane  is  a  colourless,  tasteless  gas  with  a  slig-ht 
smell.  It  bm-ns  m  air  and  explodes  when  mixed  with  air 
or  oxygen.  Chlorine  acts  upon  it  in  simhght  substituting 
one  or  more  atoms  of  chlorine  for  hydrogen  atoms  as  in 
the_  case  of  methane.  The  most  interesting  of  these 
derivatives  are  ethj/l  chloride  or  monochlorethane  aH-Cl 
and  the  clisubstituted  compounds  represented  by  the 
n  sTs  do  '7  If-    ^^^^  '-'^Senis  mentioned 

sHll  fnir    ?i  resembles  methane 

sdl  further,  the  methods  of  preparing  methane  beino- 
also  generally  apphcable  to  ethane.    These  are 

\refi^°Tf  propionate  a  salt  which  contain, 

three  carbon  atoms  with  excess  of  soda  Hme 
Naan.O^  +  NaOH  =  NaoCO^  +  C,H, 
n.  By  the  action  of  water  ou  sodium  ethyl  or'zinc  ethyl 

ShS;i^  +  '^^°  =  ^^(0H).  +  2aH. 

111.  By  the  action  of  the  zinc  copper  couple  on  ethvl 
iodide  in  alcoholic  solution.  pi^oncmyi 

C'<iib.  C'oiiip. 
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Perhaps  the  most  important  of  the  methods  available  is 
that  by  which  we  arrived  at  ethane,  viz.  the  action  of 
sodium  on  methyl  chloride,  since  that  method  has  enabled  us 
to  add  a  carbon  atom  to  a  molecule  of  a  carbon  compound. 

23.  Can  we  in  any  way  explain  the  similarity  of  pro- 
perties of  methane  and  ethane  ?  Can  we  connect  it  with 
the  presence  in  both  their  molecules  of  carbon  atoms 
which  are  tetravalent,  and  of  tetravalent  carbon  atoms 
alone  ?  We  shall  find  as  we  proceed  that  there  is  some  such 
intimate  connexion.  When  the  natural  oil  gas  and  the 
natural  petroleum  oils  are  distilled  they  may  be  separated 
into  a  large  number  of  different  fractions  with  approxi- 
mately constant  boihng  points.  Thus  we  can  isolate 
bodies  having  the  formulae  C^Hg  propane,  C^Hio  butane, 
CeHia  penlane,  etc.,  up  to  bodies  with  fourteen  or  more 
carbon  atoms  in  the  molecule. 

The  properties  of  all  of  these  bodies  are  similar  to  those 
of  methane  and  ethane,  and  they  differ  in  composition  by 
regular  amounts  of  one  carbon  atom  and  two  hydrogen 
atoms.  The  earher  members  up  to  pentane  C5H12  are 
gases  at  ordinary  temperatures,  from  pentane  to  decane 
are  liquids  and  with  a  higher  carbon  content  they  become 
waxy  solids.  Such  a  series  of  bodies  is  called  a  homologous 
series,  and  this  series  is  called  the  paraffin  series  since  the 
memlDers  are  so  difficult  to  attack  by  reagents. 

It  will  be  noticed  that  the  series  is  built  up  of  carbon 
and  hydrogen  atoms,  of  which  the  hydrogen  atoms  are 
monovalent,  so  that  they  are  held  together  by  the  attrac- 
tion of  each  carbon  atom  for  other  carbon  atoms.  It  is 
this  extraordinary  peculiarity  of  the  carbon  atom  of  com- 
bining with  itseK  and  forming  new  compoimds,  generally 
called  atom  Unking,  which  makes  the  subject  of  carbon 
chemistry  at  the  outset  contrast  so  strongly  with  inorganic 
chemistry. 

24.  Having  once  gained  the  idea  that  molecules  can  be 
built  up  by  the  linking  of  carbon  atoms  we  are  able  to 
explain  a  further  peculiarity  noticed  in  the  compounds  of 
the  paraffin  series.    When  the  hydrocarbons  containing 
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four  or  more  carbon  atoms  are  examined  carefully,  it  is 
noticed  tliat  they  have  not  always  the  same  properties 
even  with  the  same  percentage  composition  and  molecular 
weight.  Thus  in  the  case  of  lutane  G^B.^^  we  find  two 
bodies  with  different  boiling  points,  —17°  and  +  1°  and 
forming  different  series  of  substitution  derivatives.  Can 
we  explain  this  in  any  way  ? 

An  examination  of  the  formula  OiHio  shows  that  it  can 
be  arranged  in  two  ways  and  in  two  ways  only,  so  as  to 
keep  the  carbon  atoms  tetravalent  and  the  hydi-ogen 
atoms  monovalent :  the  two  formulae  are 

CH 

CH3-CH2-OH2-CH,     and     CH3-CH  ' 

The  former  would  be  called  normal  hitane,  the  latter 
tsobutane.  The  existence  of  the  two  hydrocarbons  and  the 
two  series  of  compounds  is  certainly  explained  by  the 
hypothesis  of  valency  and  the  existence  of  the  two 
formulae  deduced  on  that  hypothesis.  The  two  butanes 
are  said  to  be  isomers,  and  we  define  this  phenomenon  of 
tsomensm  thus  :— When  two  compounds  have  the  same 
percentage  composition  and  molecular  weight  ie  the 
same  molecular  formula,  but  different  properties,  they  are 
said  to  be  isomeric  with  each  other. 

25.  It  should  be  noted  that  the  natural  oils  and  oil  gas 
yield  a  large  number  of  paraffins  in  their  different  frac- 
tions, thus  the  oil  gas  contains  methane  to  butane  and 
pentane;  gasoline  and  benzoline  contain  pentane  to 
heptane;  parafiin  oil  contains  heptane  to  decane  and 
parattin  wax  contains  tetradecane  and  upwards.  AU  these 
hydrocarbons  and  their  isomers  can  be  prepared  by 
methods  which  are  applicable  to  aU.  Thus  we  can  (i)  add 
one  or  more  carbon  atoms  to  any  hydrocarbon  by  actina- 
on  a  mixture  of  its  monochlor  derivative  and  methyl 
chloride  (or  iodide)  by  sodium,  or  (ii)  take  away  one 
carbon  atom  by  distiUmg  a  salt  of  the  acid  formed  from 
the  hydrocarbon  with  soda  lime. 
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HYDUOCARBONS    (CONTINUED): — ETHYLENE,  ACETYLV.NE, 

BENZENE. 

26.  In  tlie  last  chapter  we  removed  clilorine  from  metliyl 
cUoride  CH3CI  by  the  action  of  sodium.  We  shall  now 
try  to  remove  it  by  the  action  of  the  hydroxide  of  sodium 
caustic  soda. 

Exp.  11. — Take  a  small  flask  fitted  with  thistle  funnel, 
cork  and  delivery  tube  for  collection  over  water. 
Place  in  the  flask  some  alcohol  and  caustic  soda  or 
potash  and  warm  it.  Pour  in  a  few  drops  of  methyl 
or  ethyl  iodide  by  means  of  the  funnel  and  collect 
two  cylinders  of  the  gas  which  comes  off.    Apply  a 


Fig.  5. 


light,  the  gas  burns.  Place  one  of  the  cylinders 
containing  the  gas  over  a  cylinder  of  chlorine.  The 
two  gases  combine  and  form  oily  drops. 
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T5y  the  action  tUen,  of  caustic  alkali  on  metliyl  or  etliyl 
iodide  we  form  a  gas  wliicli  is  unlike  ethane  siuce  it  reacts 
directly  with  chlorine  to  form  an  oily  compound.  The 
percentage  composition  and  molecular  weight  are  found  to 
indicate  the  formula  CaH^,  and  the  gas  is  called  ethylene 

27.  Ethylene  is  generally  prepare  1  from  alcohol  by  the 
action  of  sulphuric  acid.  The  reaction  is  most  important 
and  will  be  discussed  later,  but  briefly,  the  formation  of 
ethylene  is  due  to  the  decomposition  of  a  salt,  ethyl 
hydrogen  sulphate,  which  is  formed  by  the  reaction  between 
the  sulphuric  acid  and  alcoliol.  The  reaction  may  be 
represented  by  the  eq^uations 

,  C,HoO  +  HoSOi  =  0,H5 .  HSO4  +  H.O 

]  Ethyl  hydi-oi^en  sulphate 

(  O2H5 .  HSO4  =  C'.Hj  +  H,S04 

Exp.  12. — Make  a  mixtui-e  of  10  c.c.  of  alcohol  [methy- 
lated spirit],  10  c.c.  of  water,  and  30  c.c.  of  strong 
sulphuric  acid,  and  place  it  in  a  glass  flask  fitted  with 
a  thistle  funnel  and  a  delivery  tube  for  collecting 
over  water.  (Fig.  5.)  Heat  the  mixture  to  about  1  e5°. 
It  fi'oths  and  gives  off  ethylene  gas.    Collect  four  or 
five  cy Under s  of  the  gas. 
{a)  Turn  one  cylinder  iip  and  remove  the  cover.  In 
a  few  seconds  apply  a  light  to  it.    The  gas 
burns,  it  is  not  light  enough  to  rise  very 
quickly  in  air. 
(5)  Place  one  cylinder  over  a  cylinder  of  equal  size 
filled  with  chlorine.   The  gases  disappear  with- 
out forming  hydrochloric  acid  and  ajspear  as 
oily  di'ops  (Dutch  liquid), 
(c)  Drop  a  di-op  of  bromine  into  another  cylinder. 
The  red  colour  disappears  and  oily  drops  are 
again  formed. 
{d)  Stand  another  cylinder  over  strong  sulphuric 
acid.   The  gas  is  slowly  absorbed  by  the  acid. 

Ethylene  is  a  colourless  gas  with  a  shghtly  sweet  spu-itu- 
ous  taste  and  smell.  It  boils  at  -  103°.  It  burns  in  air 
with  a  ruore  luminous  flame  than  methane,  and  explodes 
when  mixed  with  three  times  its  volume  of  oxygen.  It 
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combines  directly  with  its  own  volume  of  clilorine  or 
bromine  vapour  to  form  O^H^Clj  and  CaHiBr,  dichlor-  and 
dibrom-etbane  or  ethylene  dichloride  and  dihromide  respec- 
tively. Ethylene  combines  slowly  with  hydrocliloric  acid 
and  rapidly  with  hydriodic  acid  to  form  ethyl  chloride  and 
iodide,  respectively ;  it  combines  with  sulphuric  acid  fonning 
ethyl  hydrogen  sulj)hate.  Oxidising  agents  oxidise  it  and 
reducing  agents  reduce  it  to  ethane. 

28.  The  characteristic  differences  between  the  properties 
of  ethylene  and  ethane  are  accompanied  by  a  difference  in 
composition.  Ethylene  contains  two  atoms  of  hj^drogen 
per  molecrde  less  than  ethane,  and  its  molecule  is  able  to 
take  up  two  other  monovalent  atoms  or  groups  but  no 
more,  in  the  place  of  the  missing  hydrogen  atoms.  The 
difference  is  best  summarised  by  considering  that  the  two 
carbon  atoms  of  the  ethylene  molecule  are  trivalent,  so  that 
they  can  take  up  two  other  monovalent  atoms  or  groups 
ancl  thus  become  tetravalent.  On- this  account  ethylene  is 
called  an  unsaturated  hydrocarbon. 

A  convention  has  been  almost  universally  adopted  to 
express  the  existence  of  a  pair  of  trivalent  carbon  atoms, 
viz. :  a  double  bond,  so  that  ethylene  may  be  given  the 
two  formulae 

H,C"'  — C"'H,    and    H,0  =  CH, 
Trivalent  carbon  atoms  Double  bond 

[The  practical  conveniences  of  using  the  double  bond 
symbol  may  outweigh  the  objection  to  a  name  which 
suggests  that  the  mode  of  attraction  symbohsed  by  a 
double  bond  should  be  stronger  than  that  indicated  by  a 
single  bond,  whereas  the  opposite  is  the  case.] 

The  fact  that  unsaturated  carbon  atoms  can  onty  exist 
in  pairs  explains  why  no  compound  CH2  can  be  prepared 
from  methyl  chloride,  since  the  unsaturated  carbon  atoms 
immediately  pair  off  and  form  ethylene,  CHo  — CHo. 

J  ast  as  in  the  case  of  methane  and  ethane,  a  whole  series 
of  homologues  of  ethylene  exists,  forming  the  olefine  series. 
The  characteristic  property  of  this  series  is  the  formation 
of  addition  compounds  by  union  with  two  monovalent 
atoms  or  groups. 
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29.  To  proceed  witli  our  investigations,  wlien  we  try  the 
effect  of  removing-  chlorine  or  bromine  fi-om  the  molecules 
of  ethylene  dichloride  or  dibromide  by  the  action  of  a 
caustic  alkali  in  alcoholic  solution,  we  find  that  a  new  gas 
is  produced  with  a  characteristic  smell  [that  of  a  Bunsen 
burner  burning  back].  It  is  found  to  be  represented  by 
the  molecular  formula  O2H3  and  is  called  acetylene. 

The  same  gas  is  formed,  mixed  with  marsh  gas,  when 
electric  sparks  are  passed  between  carbon  poles  in  an 
atmosphere  of  hydrogen  or  of  marsh  gas,  and  the  product 
contains  10  per  cent,  of  acetylene  and  2-5  to  3  per  cent,  of 
marsh  gas  in  excess  of  hydrogen.  A  more  convenient 
method  of  preparing  the  gas  is  by  the  action  of  water  on 
calcium_  carbide  CaCj,  a  product  of  heating  quickhme  with 
carbon  in  the  electric  fiu-nace. 

Exp.  13. — Take  a  pneumatic  trough  of  water  and  drop  in 
a  lump  of  calcium  carbide.  Cover  the  lump  with  an 
inverted  cylinder  of  water  and  collect  the  gas. 
Notice  the  colour-,  taste,  and  smell  of  the  gas.  Test 
it  with  a  Hght,  it  burns  with  a  bright  smoky  flame. 


Pour  into  one  cyHnder  some  cuprous  ammonium 
chloride  solution  (Made  by  boihng  copper  oxide  with 
hydi-ochloric  acid  and  copper  fihngs.    Pour  the  pro- 
duct into  water,  aUow  the  white  precipitate  to  settle 
pour  off  most  of  the  hquid  and  add  ammoftium 
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cUoride  until  tlie  precipitate  dissolves),  and  add  a 
few  drops  of  liquor  ammonia;  a  bright  red  precipitate 
is  immediately  formed. 

30.  Acetylene  is  a  colourless  gas  with  characteristic 
taste  and  smell.  It  boils  at  0"  under  a  pressure  of  21-5 
atmospheres.  It  dissolves  in  its  own  volume  of  water.  It 
unites  directly  with  chlorine,  bromine,  hydrochloric  acid, 
hydrobromic  acid,  and  sulphuric  acid  to  form  addition 
products  by  combining  with  two  or  four  monovalent  atoms 
or  groiips ;  of  these  products  CoHoBrj,  acetylene  tetra- 
bromide  is  the  most  often  used.  Acetylene  burns  in  air 
and  explodes  when  mixed  with  air  or  oxygen,  and  occa- 
sionally it  detonates  violently.  (Hence  it  is  dangerous  to 
attempt  to  explode  the  mixtm-e.)  When  dehvered  from 
a  small  orifice,  e.g.  a  gas  burner,  it  forms  a  very  luminous 
flame  and  so  it  is  used  to  eni-ich  coal  gas.  It  forms  a  red 
compound  with  cuprous  chloride,  cuprous  acetiiide,  Cu.Cz 
which  is  decomposed  by  the  action  of  acids,  acetylene 
being  again  set  free.  Acetylene  is  formed  when  hydi-o- 
carbons  burn  in  an  insitthcient  supply  of  air  or  oxygen. 

Exp.  14. — Take  a  dry  cylinder,  invert  it  over  a  Bunsen 
burner  burning  at  the  bottom.  In  a  few  seconds 
nearly  close  the  cyhnder  with  a  glass  i^late  and  pom- 
in  a  small  quantity  of  cuprous  ammonium  chloride 
solution.  Shake  up  well  and  then  pour  one  or  two 
drops  of  ammonia  solution  down  one  side  of  the 
cylinder  ;  a  red  precipitate  is  formed  showing  the 
presence  of  acetylene  in  the  products  of  combustion. 

Acetylene  is  a  poisonous  gas  combining  like  carbon  mon 
oxide  and  nitric  oxide  with  the  haemoglobin  of  the  blood. 

31.  The  properties  and  composition  of  this  gas  are  best 
summarised  in  the  symmetrical  structural  formulae 

HC"_C"H  and  HC  =  CH 
which  contain  a  pair  of  divalent  carbon  atoms  a,nd  a  pair 
of  carbon  atoms  united  by  a  triple  bond,  respectively.  As 
in  the  case  of  ethylene  the  latter  symbol  is  more  generally 
used  though  the  objection  to  its  use  is  similar  in  both 
cases.    When  bromine  combines  directly  with  acetylene, 
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forming  acetylene  tetrabromide,  tlie  carbon  atoms  again 
become  tetravalent,  or  the  triple  bond  is  broken.  Acety- 
lene like  etliylene  is  the  first  member  oi  a  series  of 
unsaturated  homologues,  tbe  acetylene  or  etliine  series. 

32.  Since  tbe  carbon  atom  is  only  tetravalent  it  is  useless 
to  proceed  at  present  in  tbe  direction  of  removing  more  hy- 
drogen atoms  from  its  simpler  compounds,  so  we  return  now 
to  the  liquid  product  of  the  distillation  of  coal,  the  coal  tar. 

In  the  fractional  distillation  of  coal  tar  a  rough  separa- 
tion of  the  distillate  is  made  by  collecting  it  in  water. 
Part  floats,  the  light  coal  tar  naphtha,  and  when  this  is 
redistilled  a  considerable  fi-action  is  collected  in  the  form 
of  a  liquid,  boiUng  between  80°  and  82°.  When  Ut  it  burns, 
forming  carbon  dioxide  and  water  and  nothing  else  (except 
carbon  in  the  form  of  soot).  Its  percentage  composition 
and  molecular  weight  are  represented  by  the  f  ormiila  GJI^ 
and  it  is  called  benzene  or  heti%ol. 

33.  Chlorine  acts  fairly  readily  on  benzene  in  the  cold, 
or  more  readily  in  presence  of  iodine.  Fumes  of  hydi-o- 
chloric  acid  are  given  off,  and  the  product  obtained  contains 
chlorine  atoms  substituted  for  hydrogen  atoms.  Now  the 
formula  suggests  that  the  carbon  atoms  cannot  all  be  tetra- 
valent, or  that  some  of  them  must  be  connected  by  double 
bonds,  i.e.  that  the  carbon  atoms  are  imsaturated,  and  it 
is  hardly  to  be  expected  that  an  unsatm-ated  body  of  the 
character  of  ethylene  or  acetylene  would  form  substitution 
instead  of  addition  products.  In  sunlight,  however,  addi- 
tion of  chlorine  does  take  place,  and  the  addition  is  limited 
to  six  atoms  forming  OoHuCIb,  benzene  hexachloride.  This 
body  easily  splits  off  hydrochloric  acid  on  heating,  forming 
CdHsCls,  trichlor-benzene. 

Hydrochloric  acid  has  no  action  on  benzene,  presenting 
another  contrast  with  ethylene. 

Hydriodic  acid  has  no  action  on  benzene  unless  heated 
with  it  in  a  sealed  tube,  when  two,  four,  or  six  hydrogen 
atoms  may  be  added,  forming  bodies  of  the  formulae 
CoHg,  Cr,Hii„  and  C„Hio.  The  strongest  hydriodic  acid  under 
the  same  circumstances  can  even  add  eight  hydrogen  atoms, 
but  the  product  is  now  identical  with  a  hcxane,  CoHu,  9, 
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charaeteristic  paraffin,  and  it  has  lost  its  characteristic 
benzene  pi-operties, 

34.  Nitric  acid  has  a  remarkable  and  characteristic  action. 

Exp.  15. — Take  a  small  flask  and  put  into  it  a  mixture  of 
35  c.c.  strong  nitric  acid  with  40  c.c.  concentrated  sul- 
phuric acid.  Drop  into  the  mixture  a  few  c.c.  (not 
more  than  20  c.c.)  of  benzene,  taking  gi-eat  care  to 
add  it  gradually,  to  keep  it  well  shaken  up,  and  to 
keep  the  flask  cool;  when  all  the  benzene  has  been 
added  warm  to  about  60°.  The  benzene  becomes 
yellow  and  acquires  a  smell  of  bitter  almonds.  Pom- 
the  mixture  into  water,  separate  the  yellow  oil,  dry 
it  by  calcium  chloride  and  distil  it  (Fig.  3).  Any 
unchanged  benzene  distils  over  first,  but  the  boiling 
point  of  the  mixture  rises  and  a  fi-action  is  collected, 
boiling  at  about  210°. 

The  product  is  a  yellow  liquid  with  a  characteristic  smell 
of  almonds,  and  boiling  at  210°.  Its  analysis  suggests  the 
formula  CeHjNOj,  and  its  molecular  weight  agrees  with 
this  formula.  It  is  caUed  nitro- lenzene,  the  group  — NO, 
which  replaces  one  atom  of  hydrogen  in  the  benzene  being 
called  the  nitro  group.  In  this  case  it  appears  that  the 
substitution  of  a  nitro  group  in  benzene  is  attended  by  a 
reduction  of  the  nitric  acid  to  the  nitrous  state,  the  hydro- 
gen of  the  benzene  combining  with  the  hydroxyl  of  the 
acid  to  form  water.  Thus  the  greater  part  of  the  reaction 
may  be  represented  by  the  equation 

CeHo  +  NO.OH  =  CeH^NOj  +  H^O 

Sulphuric  acid  has  a  similar  reaction  when  heated  with 
benzene  for  some  time.  A  body  of  the  formula  CeHj .  SO3II 
benzene  sulphonic  acid  or  sulphohenzetie  is  formed,  which  con- 
tains one  atom  of  hydrogen  replaceable  by  the  metal  of  a 
base.  It  is  an  acid  formed  by  reducing  sulphuric  acid  by 
the  hydrogen  of  benzene,  water  being  formed  as  well,  thus 

CeHjl       HO  I  SO 

or  expressed  in  the  form  of  an  equation 

CjHo  +  SOj(OH),  =  C.H5 .  SO,H  -t-  H,0 
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Weak  solutions  of  alkalies  and  acids  have  no  action  on 
benzene,  nor  have  metals  in  the  cold.  Oxidising  agents 
form  bodies  with  two  or  more  hydrogen  atoms  replaced  by 
oxygen. 

35.  In  the  case  of  benzene  then,  we  have  to  explain 
these  facts,  (i)  from  its  formula  we  should  exjoect  it  only 
to  form  addition  compounds,  yet  it  forms  substitution 
compounds  in  the  cases  of  chlorine,  nitric  acid,  and  sid- 
phuric  acid,  (ii)  From  its  formula  we  should  expect  to  be 
able  to  add  eight  hydrogen  atoms  or  chlorine  atoms  in 
order  to  make  all  the  carbon  atoms  tetravalent,  yet  Ave  find 
it  is  difficult  to  add  more  than  six  such  atoms  and  with 
the  final  addition  of  the  last  two  we  get  an  abrupt  change 
of  properties  to  those  of  a  parafiin.  (iii)  The  six  carbon 
atoms  always  keep  together  as  long  as  the  properties  are 
characteristic  of  benzene,  (iv)  The  six  hydrogen  atoms 
seem  to  be  symmetrically  situated  in  the  molecule,  since  we 
can  prepare  six  monochlor  benzenes  in  which  each 
hydrogen  atom  is  sustituted  in  turn  and  they  are  all 
identically  the  same.  The  most  jwobable  induction  from 
these  facts  is  that  the  carbon  atoms  are  symmetrically 
connected.  Thi-ee  formulae  have  been  drawn  among  others 
which  fufQ  these  conditions,  viz.  (a)  a  ring  or  hexagon, 
suggested  by  Kekule,  (5)  a  prism,  suggested  by  Ladenburg, 
and  (c)  an  octahedron,  suggested  by  Thomson.  Thus 
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Of  these  foi-mulae  the  first  {a)  is  the  one  which  best  fuUils 
the  conditions,  though  it  represents  a  plane  instead  of  a 
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space  relation  of  the  atoms.  It  may  also  be  aiTauged  to 
indicate  that  the  carbon  atoms  are  all  trivalent  or  are 
connected  alternately  by  double  bonds,  thus: — 

H 

/\ 

H-C  C-H 


H-C  C-H 
I 

H 

It  shows  that  hydrogen  atoms  can  be  added  in  paii's  of 
two,  foiu-,  or  six,  making  paii-s  of  carl  on  a';oms  directly 
attracted  by  each  other  in  the  ring  tetraA  alent,  or  severing 
a  double  bond,  and  it  shows  that  the  addition  of  eight 
monovalent  atoms  can  only  take  place  by  splitting  the  ring, 
which  allows  two  extreme  atoms  to  be  added  at  the  expense 
of  the  loss  of  the  ring  structure. 

It  would  be  well  to  remind  ourselves  that  a  stnictural 
formula  is  principally  a  convenient  shorthand  for  embodying 
facts  and  reactions,  and  may  not  represent  any  known 
arrangement  of  the  atoms  within  the  molecule. 

Hydrocarbons,  which  we  assume  to  be  built  up  on  the 
plan  of  benzene  with  a  closed  chain  of  carbon  atoms,  are 
said  to  have  a  cyclo  structure,  in  distinction  to  those  which 
have  an  open  chain  structure. 

36.  Two  other  methods  of  preparing  benzene  should  be 
mentioned. 

Exp.  16. — Take  a  few  grammes  of  sodium  "benzoate  and 
heat  it  in  a  test-tube  with  excess  of  sodalime.  (Fig.  7.) 
Drops  of  a  liquid  are  formed,  which  have  the  properties 
of  benzene. 

The  reaction  between  a  benzoate  and  an  alkali  may  be 
expressed  by  means  of  an  equation  which  represents  part 
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of  the  reaction,  and  indicates  tlie  similarity  between  this 
method  of  preparation  and  that  of  preparing  the  parafllns. 

CHjO^Na  +  NaOH  =  ISa-jGO,  +  CoHe 
Sodium  benzoate 


Fig.  7. 


The  second  method  is  to  pass  acetylene  through  a  red 
hot  tube.  The  molecules  of  acetylene  join  together  and 
form  bodies  of  the  formulae  C4II4,  GJI^  and  OsHg. 

The  CeHo  is  benzene,  and  it  will  be  noticed  that  its  per- 
centage composition  is  the  same  as  that  of  acetylene  though 
its  molecular  weight  is  three  times  as  great.  Now,  when 
we  have  two  bodies  with  the  same  percentage  composition, 
but  different  molecular  weights,  the  body  with  the  higher 
molecular  weight  is  said  to  be  a  polymer  of  the  other. 
Sometimes  the  polymer  has  properties  which  are  similar  to 
those  of  the  original,  but  sometimes,  as  in  this  case,  the 
properties  are  very  different.  The  phenomenon  is  termed 
polymerism. 

37.  Just  as  we  can  sub-stitute  hydrogen  atoms  in  open 
chain  hydrocarbons  by  hydrocarbon  groups,  so  we  can  do 
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the  same  in  the  case  of  benzene.  Tlio  resulting  bodies 
combine  the  proiDerties  of  both  nucleus  and  substituted 
groups. 

The  first  of  these  derivatives  of  benzene  formed  by 
replacing  one  hydrogen  atom  by  a  methyl  group  is  also 
found  in  coal  tar,  and  is  called  toluene,  CeHsCHs.  It  is 
obtained  fi-om  the  fraction  boiling  between  110°  and  112°, 
and  has  a  boiling  point  of  110°.  ' 


CHAPTEE  V. 


IIALOID  DERIVAnVES.  CHLOROFOBM. 

38.  Several  of  the  haloid  derivatives  of  methane  are 
both  interesting  and  important.  As  we  have  seen  already, 
the  action  of  chlorine  on  marsh  gas  forms  in  succession 

Monochlormethane  or  methyl  chloride.  CH3CI. 

Dichlormethane  or  methylene  dichloride.  CHoClj. 

Trichlormethane  or  chloroform.  OHCI3. 

Tetrachlormethane  or  carbon  tetrachloride.  CCli. 
Methyl  chloride,  CH3CI  is  more  readily  prepared  by  heating 
wood   spirit,  methyl  alcohol,  with  concentr;ited  hydro- 
chloric acid  under  pressure,  a  reaction  which  may  be 
represented  by  the  equation 

CH4O  +  HCI  =  CH3C1  +  n,o 

It  is  a  gas  liquefiable  by  pressure  and  is  used  in  the  pre- 
paration of  aniline  dyes.  The  group  of  atoms  —  CH., 
which  combines  witli  the  hionovalent  atom  —  01  to  form 
methyl  chloride  is  a  monovalent  group,  the  methyl  group, 
a  good  example  of  an  organic  radicle. 

39.  Methylene  dichloride  CH3CI2  has  no  special  points  of 
interest  beyond  the  fact  that  the  further  substitution  of 
chlorine  for  hydrogen  causes  the  boiling  point  of  the 
derivative  to  rise.  Thus  the  boiling  points  of  marsh  gas, 
methyl  chloride,  and  methylene  dichloride  are  —  164°, 
—  22°,  and  +  42°,  re.spectively. 

40.  We  get  further  evidence  of  the  effect  of  substituting 
chlorine  for  hydrogen  in  the  case  of  chloroform,  CHCI3 
which  is  a  volatile  colourless  mobile  liquid  of  specific 
gravity  1-527,  boiling  at  61°.  It  dissolves  fats  and  has  a 
powerful  anaesthetic  effect. 

Chloroform  is  prepared  by  the  action  of  bleaching 
powder  on  alcohol. 

Exp.  17. — Take  a  large  flask  and  place  in  it  about 
100  grammes  of  bleaching  powder  made  into  a  paste 
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chloroform:. 


witli  water;  add  about  10  c.c.  of  alcohol.  Fit  to  the 
flask  a  cork  and  tube  leading  to  a  condenser,  and  distil 
the  mixture  carefully  (Fig.  8),  or  better,  from  a  water 
bath.  The  resulting  distillate  separates  into  two 
layers  of  which  the  lower  is  chloroform.  It  may  be 
identified  by  its  smell  and  by  the  following  reaction. 


Exp.  18. — Heat  a  few  drops  of  chloroform  with  aniline 
and  caustic  potash  solution.  A  characteristic  smell 
is  noticed,  the  iso-nitrile  smeU,  a  test  for  chloroform. 
.  The  explanation  of  this  mode  of  preparation  of 
chloroform  is  in  two  stages,  which  will  be  much  more  easy 
to  understand  after  a  consideration  of  the  properties  of 
aldehydes,  see  §  66  and  67. 

41.  Carbon  tetrachloride,  CCI4,  is  most  readily  prepared 
fi'om  carbon  disulphide  by  jjassing  chlorine  through  it. 
It  is  a  colourless  volatile  mobile  liquid  with  a  smoU 
similar  to  that  of  chloroform  and  with  anaesthetic  pro- 
perties. It  boils  at  77°.  It  is  interesting  to  note  that  it 
keeps  up  the  gradation  of  jiroperties  of  the  haloid  derivatives 
of  the  hj'di'ocarbons  though  it  contains  no  hydrogen  at  all. 

42.  Another  important  haloid  derivative  of  marsh  gas  is 
obtained  by  the  action  of  iodine  and  caustic  potash  on 
alcohol.  The  action  is  .similar  to  that  of  chlorine  and 
slaked  lime  on  alcohol,  which  produces  chloroform. 
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Exp.  19.— Put  into  a  test  tube  some  dilute  alcohol  and  a 
few  crystals  of  iodine.  When  the  iodine  has  partly 
dissolved,  add  a  few  di-ops  of  a  strong  solution  of 
caustic  potash.  The  colour  of  the  solution  tui-ns  to 
yellow,  a  sohd  separates  out,  and  a  characteristic 
smell  is  noticed.    The  yellow  solid  is  iodoform. 

Iodoform,  CIII3  is  a  yellow  solid  which  is  soluble  in 
alcohol  but  so  insoluble  in  water  that  its  formation  is  used 
as  a  test  for  alcohol.  It  melts  at  119°  and  decomposes 
at  a  higher  temperature  with  the  liberation  of  iodine. 

The  explanation  of  its  formation  is  similar  to  that  of 
chloroform. 

43.  "When  ethylene  and  chlorine  ai-e  brought  together  in 
equal  volumes,  they  combine  with  the  formation  of  a 
dichlor  ethane,  ethylene  dicMoride,  OoHiClj,  which  from  its 
mode  of  formation  must  be  CHaOl  —  OH2OI. 

The  equation  representing  its  formation  may  be  given 

CHa     01  CH^Ol 
II  +1=1 
OF,     01  CH.Cl 

It  is  a  colourless  mobile  liquid,  boiling  at  84°  and  was 
first  prepared  in  1795. 

Now  when  phosphorus  pentachloride  acts  upon  aldehyde, 
C2H4O,  it  substitutes  two  chlorine  atoms  for  one  oxygen 
atom,  and  gives  a  dichlorethane,  C2H4CI2.  This  body 
boils  at  57°,  and  is  also  formed  by  the  action  of  chlorine 
on  ethyl  _  chloride,  C3H5OI.  The  explanation  given  is 
that  m  this  case  the  two  chlorine  atoms  are  attached  to  the 
same  carbon  atom,  whUe  in  the  former  case  they  are 
attached  to  different  carbon  atoms. 

This  body  is  called  ethylidene  chloride,  and  is  represented 
by  the  formula  OH3  —  CHCI2. 

The  existence  of  these  two  bodies  with  the  same  mole- 
cular formula,  but  with  different  properties  is  another 
Illustration  of  isomerism,  and  of  the  extraordinary  f ertiHtv 
of  the  hypothesis  of  valency  applied  to  the  question  of 
molecular  structure  and  structural  formulae. 

Curb.  Comp.  g 
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44.  In  inorganic  cliemistry  we  begin  by  considering  tlie 
products  of  oxidation  of  common  bodies,  and  we  discover 
at  once  that  there  are  elements  and  compounds,  and  tbat 
the  elements  form  oxides  with,  contrasting  characters  which 
we  call  basic  and  acid  oxides. 

If  we  pursue  this  method  in  organic  chemistry  we  find 
that  it  does  not  lead  to  much  result.  By  trying  to  oxidise 
the  hydrocarbons  we  generally  get  only  carbon  dioxide 
and  water,  though  under  certain  circumstances,  i.e.  an 
insufficient  supply  of  air  or  oxygen,  we  obtain  hydrocarbons 
with  less  hydrogen  than  the  originals,  e.g.  acetylene  from 
marsh  gas. 

45.  On  the  other  hand  when  we  act  on  the  hydrocarbons 
with  chlorine  we  form  substitution  derivatives  which  re- 
semble the  chlorides  of  the  elements,  if  we  consider  the 
organicradicles,  methyl — CH3  and  ethyl— O2H5,  respectively, 
as  playing  the  part  of  elements.  Thus 


CH3 
K 


01 
01 


If  we  take  this  point  of  view  we  should  expect  to  be  able 
to  obtain  oxides  or  hydroxides  of  the  radicles  by  the  general 
method  of  preparing  bases,  i.e.  by  the  action  of  caustic 
potash  on  the  salt.  When  this  experiment  is  tried,  that  is 
when  a  solution  of  methyl  chloride,  or  when  methyl  iodide 
is  heated  with  caustic  potash,  in  addition  to  the  ethylene 
abeady  noted,  a  Hquid  is  formed  wHch  mixes  with  water 
but  may  be  partly  separated  from  it  by  distiUation  as  it 
boUs  at  66°. 
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Analysis  gives  the  formula  OH4O  which,  agrees  with  the 
inference  that  the  hydroxide  OII3OH  should  be  formed,  as 
suggested  ia  the  equation 

CH.Ol  +  KOH  =  CH3OH  +  KCl 
If  this  is  confirmed  we  must  consider  the  hydrocarbons 
as  hydrides  of  the  organic  radicles  of  which  we  have  now 
been  able  to  prepare  a  chloride  and  a  hydroxide  in  the 
case  of  methyl, 

CH3CI   =  methyl  chloride, 
CH3OH  =  methyl  hydroxide, 
CH3II    =  methyl  hydride, 
so  that  we  have  been  able  to  produce  oxidation  of  our 
hydrocarbons,  not  directly,  but  by  the  stratagem  of  re- 
placing hydrogen  by  chlorine  and  then  chlorine  by  hydi-oxyl. 

46.  When  prepared  in  this  way  the  hydroxides  are 
found  to  be  identical  with  bodies  prepared  in  many  other 
ways,  e.g.  by  the  action  of  caustic  potash  on  essential  oils, 
the  fermentation  of  sugary  solutions,  and  the  distillation 
of  organic  compounds. 

Spirit  of  JFme  or  common  alcohol  is  the  most  familiar  of 
the  class  and  may  easUy  be  investigated. 

Exp.  20. — Take  a  large  flask  and  place  it  in  some 
solution  of  grape  sugar.    Place  some  yeast  in  the 
flask  and  shake  it  well ;  put  the  flask  in  a  warm  place 
and  allow  it  to  stand  for  a  few  days.    Observe  the 
frothing  and  prove  that  it  is  due  to  the  formation  of 
carbon  dioxide.    After  a  time,  fit  the  flask  with  a 
cork  and  bent  tube  connected  with  a  condenser 
(Fig.  8),  and  distil  ofi  a  few  c.c.  of  the  liquid.  Apply 
a  light  to  a  few  drops  ;  the  liquid  bm-ns.    Mix  a  few 
drops  with  water,  iodine  and  caustic  potash  solution, 
the  characteristic  smell  of  iodoform  is  noticed.  ' 
_  By  the  action  of  yeast  on  grape  sugar  solutions  alcohol 
IS  formed.    Examine  the  yeast  under  a  microscope  and 
notice  that  it  is  composed  of  small  rounded  plant  cells 
belongmg  to  the  class  of  the  Fungi.    This  plant  Sac- 
charomyces  (Torula)  cerevisiae,  as  weU  as  several  others 
when  immersed  in  water  obtains  part  of  the  energy 
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required  for  buildiug  up  its  cell  substance  from  a  splitting 
up  of  sugar  into  carbon  dioxide  and  alcobol.    The  equation 

OoHi.Oo  =  2  C,HsO  +  2  GO, 
represents  95  per  cent,  of  the  changed  sugar,  about  3  per 
cent,  appearing  as  glycerin,  and -5  per  cent,  as  succinic  acid. 
The  other  1-5  per  cent,  is  apparently  oxidised  further. 

[It  may  be  noted  here  that  in  presence  of  more  oxygen 
than  can  be  obtained  from  its  solution  in  water,  sugar  is 
almost  completely  oxidised  by  yeast  to  carbon  dioxide  and 
water,  so  that  in  the  manufactiire  of  bread  only  a  very 
small  amount  of  alcohol  is  formed.] 

The  alcohol  prepared  by  distillation  is  naturally  wet, 
and  it  is  dried  by  standing  over  and  distillation  from 
qrdcldime.  This  removes  nearly  all  the  water  and  the 
final  traces  are  removed  when  required  by  sodium. 

47.  Pure  or  absolute  alcohol  is  a  colourless  liquid  with 
a  characteristic  bui'ning  taste  and  smeU.  It  bui-ns  when 
lighted.  It  boils  at  78-3°,  freezes  at  —130°;  and  has  a 
specific  gravity  of  -79.  It  mixes  in  all  proportions  with 
water  and  with  ether,  and  it  readily  absorbs  water  vapour 
fi-om  the  air.  On  mixing  with  water  there  is  a  contraction 
of  volume,  52  c.c.  of  alcohol  and  48  c.c.  of  water  making 
only  96-4  c.c.  of  the  mixture.  Its  solution  in  water  wiU 
not  ligbt  gunpowder  moistened  witb  it  until  it  contains 
49-3  per  cent,  by  weight  of  spirit,  thus  iormmg  proof  spirit. 

Chlorine  acts  upon  alcohol,  substituting  thi-ee  hydrogen 
atoms  by  three  chlorine  atoms  and  at  the  same  time  remov- 
ing two  more  hydrogen  atoms  by  oxidation.  A  body  of  the 
formida  CClaHO  is  formed,  which  is  called  cJdoral  and 
which  crystaUises  from  water  forming  chloral  hydrate, 
C  CI  BE  0  . 

^Hydrociiloric  and  hydrobromic  acids  act  on  alcohol 
substituting  chlorine  or  bromine  for  one  oxygen  and  one 
bydrogen  atom,  and  forming  ethyl  chloride  and  ethyl 
bromide,  respectively.  These  reactions  suggest  the  basic 
cbaracter  of  alcohol,  thus 

O^H.OH  +  HOI  =  O.H,Cl  +  H,0 
Hydriodic  acid  also  replaces  hydroxyl  by  hydi-og;en  form- 
ing an  iodide  as  an  intermediate  product,  but  the  hydriodic 
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acid  attacks  this  iodide  forming  free  iodine  and  ethane ; 
this  may  be  put  in  equation  form,  thus 

O2H5OH  +  HI  =  O2H5I  +  H3O 
O2H5I     +  HI  =  OoHo  +  L 

Sulphuric  acid  combines  with  alcohol,  forming  an  acid 
sulphate,  hydrogen  ethyl  sulphate,  thus 

C0H5OH  +  H2SO4  =  aHs .  HSOi  +  H2O 

Oxidising  agents,  e.g.  chromic  acid  or  alkaline  perman- 
ganate solution  oxidise  alcohol  very  readily  to  aldehyde. 

Exp.  21 . — Take  two  or  three  drops  of  alcohol  in  a  test  tube 
and  add  potassium  bichromate  solution  and  sulphuric 
acid.  Warm  the  mixture,  the  chromic  acid  turns 
green  from  reduction,  and  a  new  and  characteristic 
fruity  smell  is  noticed. 

48.  Since  nitric  acid  is  an  oxidising  agent  as  well  as  an 
acid,  its  reaction  with  alcohol  is  very  complicated,  part  of 
the  alcohol  being  oxidised  and  part  of  the  nitric  acid  being 
reduced.  The  reduced  nitrous  acid  combines  with  the 
alcohol  to  form  ethyl  nitrite,  O2H5NO2,  as  well  as  ethyl 
nitrate,  C2H5NO3.  Ethyl  nitrate  can  be  formed  in  this 
reaction  by  removing  the  nitrous  acid  as  fast  as  it  is 
formed  by  some  readily  oxidisable  body  such  as  urea. 

Exp.  22. — Take  two  test  tubes ;  into  both  piit  a  few 
drops  of  alcohol  and  nitric  acid,  but  into  one  put 
some  urea  as  well.  Warm  both  of  them.  Both 
give  ofi  a  pleasant  smell,  but  the  urea  mixture  does 
not  give  oil  as  much  nitrous  fumes  as  the  other. 

Alcohol  then  has  the  properties  of  an  ordinary  base  and 
combines  with  acids,  forming  salts  and  water. 

Sodium  dissolves  readily  in  alcohol,  replacing  hydrogen 
and  forming  a  body  sodium  alcohol  ate  or  sodium  ethylate, 
represented  by  the  formula  OaHsONa. 

49.  A  most_  important  reaction  is  that  between  alcohol 
and  the  haloid  compounds  of  phosphorus.  Phosphorus 
pentachloride  acts  readily  on  alcohol,  substituting  one 
chlorme  atom  for  one  oxygen  and  one  hydrogen  atom,  and 
foi-ming  ordinary  ethyl  chloride,  C2H5OI.     Those  two 
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atoms  must  hence  be  arranged  in  tlie  molecule  in  tlie  form 
of  a  group  ( —  0  —  H),  a  hydroxyl  group.  The  reaction  is 
so  characteristic  that  it  is  used  in  the  preparation  of  the 
haloid  derivatives  of  the  paraffins.  The  phosphorus  com- 
pound need  not  be  made  fii-st,  but  can  be  formed  during 
the  progress  of  the  reaction. 

Exp.  23. — Into  a  flask  put  about  20  c.c.  of  alcohol  (methy- 
lated spirit  will  do),  and  add  to  it  three  grammes  of 
amorphous  phosphorus.  Weigh  out  as  much  iodine 
as  would  be  required  to  combine  with  the  phosphorus, 
to  form  phosphorus  tri-iodide  =  about  30  gi-ammes, 
and  add  it  gradually  to  the  alcohol  until  it  is  all  dis- 
solved. Allow  the  mixture  to  stand  for  some  hours, 
adapt  a  condenser  (Fig.  8),  and  then  distil  it. 
After  shaking  with  dilute  caustic  potash  solution, 
separate  the  heavy  ethyl  iodide,  dry  it  by  standing 
over  dry  calcium  cldoride  and  redistil  (Fig.  3). 

Alcohol  dissolves  many  substances  insoluble  in  water, 
e.g.  resins,  etc.,  and  so  is  much  used  in  manufactures.  To 
avoid  the  consumption  of  this  alcohol,  which  does  not  pay 
duty,  it  is  methylated  by  adding  10  per  cent,  of  crude  wood 
spirit  and  as  much  paraffin  as  it  will  dissolve.  On  the 
Continent,  bone  oil  is  often  added  for  the  same  purpose. 

30.  Before  leaving  the  subject  of  alcohol  it  would  be 
well  to  give  an  inductive  proof  of  the  structiu-al  formula  of 
alcohol,  based  on  the  properties  given  above. 

(i)  The  percentage  composition  and  molecular  weight 
indicate  the  formula  O2H6O. 

(ii)  By  the  action  of  sodium  upon  alcohol  one  hydrogen 
atom  is  substituted  by  one  sodium  atom,  and  so  one  hydro- 
gen atom  must  be  different  fi-om  the  other  five.  "We 
indicate  it  by  writing  the  formula,  thus 

C2H5O-H'. 

(iii)  Phosphorus  pentachloride  removes  one  oxj^gen  and 
one  hydrogen  atom  and  substitutes  one  chlorine  atom. 
Hence  we  must  assume  that  the  oxygen  and  the  hydrogen 
atom  are  arranged  as  a  monovalent  group,  the  hydroxyl 


ALCOHOLS.     ETHERS.  GLYOERITT. 


39 


group.  CaU  tlie  hydrogen  atom  of  the  hydroxyl  group  H". 
Our  formula  now  reads 

(iv)  We  have  now  to  decide  whether  the  hydrogen  atom 
replaced  by  sodium  is  the  same  as  that  replaced  with 
oxygen  by  phosphorus  pentachloride,  i.e.  are  H'  and  H" 
identical?  We  can  try  (i)  the  action  of  phosphorus 
pentachloride  on  the  sodium  substitution  derivative,  and 
(ii)  the  action  of  sodiimi  on  the  chlorine  derivative.  _  In  (i) 
the  sodium  atom  disappears  with  oxygen,  and  their  place 
is  taken  by  chlorine,  in  (ii)  the  action  of  sodium  gives  us 
an  entii-ely  different  body  from  the  original,  or  the  sodium 
derivative,  viz.,  the  hydrocarbon,  butane,  C4H10.  Hence  H' 
and  H"  must  be  identical  and  our  formula  now  reads 

C2H5 .  OH 

This  formula  can  only  be  arranged  in  one  way  to 
agree  with  the  valencies  of  the  atoms  and  the  presence 
of  the  hydroxyl  group,  i.e. 

H  H 

I  I 
H-C  0-0-H 

I  I 
H  H 

which  represents  it  as  ethyl  hydroxide.  This  is  taken 
as  the  formula  of  alcohol. 

We  confirm  this  by  building  up  alcohol  from  methane, 
by  a  series  of  steps  making  successively  methyl  chloride, 
ethane,  ethyl  chloride,  and  alcohol. 

51.  We  may  now  retui'n  to  the  first  alcohol  made  by 
the  action  of  caustic  potash  solution  on  methyl  chloride, 
I.e.  methyl  alcohol.  This  was  first  prepared  and  examined 
by  Eobert  Boyle  in  1661. 

It  is  commonly  prepared  by  the  distillation  of  wood. 
The  distillate,  which  is  acid,  is  neutralised  by  lime  and 
distilled.  The  fraction  boiling  about  60—70°  contains 
the  methyl  alcohol.  This  wood  spirit  is  very  difficult  to 
to  purify.    Methyl  alcohol  is  also  prepared  by  distilling 
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Wintergreen  oH  with  caustic  potash  solution.  Potassium 
salicylate  is  formed  at  the  same  time,  see  §  91 

CsH     +  KOH  =  K .  0,H,03  +  CH^OH. 

Wmtergreen  oil.  Potassium  salicylate. 
Methyl  alcohol  is  a  colourless  liquid  boiling  at  66°  and 
of  specie  gmvity  -8  Its  properties  are  to  similar  to 
those  of  ethyl  alcohol  that  it  is  not  necessaiy  to  repeat 
them.  It  differs,  however,  when  pure,  in  one  important 
particular,  viz.  it  does  not  form  chloroform  or  iodofoi-m 
by  the  reaction  of  bleaching  powder  or  iodine  and  caustic 
potash  solution  respectively. 

alcohols  are  common  bodies,  e.ff.  fusel 
oil,  OjliiiUJi,  and  it  is  possible  to  make  many  alcohols  bv 
general  methods,  i.e.  fi-om  hydrocarbons,  etc.  (i)  The 
most  general  method  is  the  substitution  of  chlorine  for 
hydrogen  m  the  hydrocarbon,  foUowed  by  the  substitution 
o±  hydroxyl  for  cHorine  by  means  of  caustic  potash,  or 
better  by  freshly  prepared  sHver  hydi-oside.  This  method 
gives  a  poor  yield  owing  to  the  formation  of  ethylenes 
and  so  a  variation  is  generally  used.  (ii)  The  iodo 
derivative  is  warmed  with  sodium  acetate,  thus  forming  an 
acetate  of  the  alcohol,  and  the  organic  salt  is  then  heated 
with  caustic  soda  solution.  The  reaction  mav  be  expressed 
by  equations,  using,  for  simplicity,  methyl  iodide  and 
alcohol  as  an  exam2Dle  : — 

(  CHa .  CHaO^  +  NaOH  =  m .  C2H3O2  +  CH3OH 
53.  If  we  attempt  to  prepare  a  hydi'oxide  or  alcohol 
from  benzene  by  the  action  of  caustic  potash  on  mono- 
chlorbenzene,  wefindthat  no  action  takes  place.  If,  however 
we  take  the  product  of  the  action  of  sulphuric  acid  on 
benzene    benzene  sulphonic  acid,  CeH^SOaH,  and  treat 
that  with  caustic  potash,  fii-st  in  solution  to  form  a 
potassium  salt,  potassium  benzene  sulphonate,  C6H5SO3K 
and  then  by  fusing  the  salt  with  caustic  potash  in  a  silver 
basin,  we  find  that  a  change  has  taken  place.    The  fused 
mass  IS  soluble  in  water,  and  on  addition  of  dilute  acid 
deposits  a  liquid  which  sinks  to  the  bottom  and  may  be 
separated.    The  liquid  has  a  characteristic  smell  of  carbolic 
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acid,  and  blisters  the  skin.  Its  percentage  composition 
and  molecular  weight  are  represented  by  the  formula 
CeHeO,  and  it  is  called  phenol.  Phosphorus  pentachloride 
reacts  with  it  and  substitutes  hydroxyl  by  chlorine,  so  that 
its  formula  must  be  represented  by  OellsOH. 

The  mode  of  formation  may  be  represented  by  the 
equation 

CeHs .  SO3K  +  KOH  =  OsHaOH  +  KoSOs 
It  is  general  for  benzene  compounds,  and  applies  to  the 
insertion  of  any  number  of  hydroxyl  groups. 

54.  Phenol  is  generally  prepared  from  coal  tar.  The 
fraction  of  the  distillate  boiling  between  150° — 200°  is 
taken,  mixed  with  a  solution  of  caustic  soda  and  the 
heavy  solution  separated  off.  The  solution  is  mixed  with 
dilute  sulphuric  acid  and  the  resulting  oily  liquid  redis- 
tilled. The  portion  boiling  about  180—190°  is  again 
separated  and  is  phenol,  or  carboHc  acid,  so  called  because 
it  combines  with  alkalies  to  form  soluble  compounds 
resembling  salts.  Phenol  is  generaUy  Hquid,  but  when 
fi-eed  fi-om  water  may  be  crystallised  as  a  soM  melting  at 
42  and  boiling  at  182°.  It  is  colourless  when  fii-st  prepared, 
but  soon  reddens  on  exposure  to  the  air.  It  dissolves  in 
hfteen  parts  of  water,  in  alcohol  and  in  ether, 

Exp.  24.— To  a  solution  of  phenol  in  water  add  some 
ferric  chloride  solution  to  which  alkali  has  been 
added  until  nearly  neutral.  A  violet  colour  is  seen. 
To  some  more  of  the  solution  add  a  drop  of  bromine. 
A  yellowish  precipitate  is  at  once  formed.  Dip  a  pine 
splinter  into  phenol  and  then  dip  it  into  hydi-o- 
chloric  acid,  it  soon  tui-ns  green.  Add  a  solution  of 
caustic  potash  to  some  phenol,  it  now  dissolves  in 
water. 


Phenol  has  the  characteristic  reactions  of  benzene  with 
sulphuric  and  nitric  acids,  forming  phenol  mlphonic  acid, 

^"^m.S:  '^^'^'^  ^°S^NO,'  respectively.  A 

characteristic  property  of  phenol  is  that  it  acts  as  a  germicide 
m  strong  solutions  and  better  in  the  liquid  state  :  indHute 
solution,  on  the  other  hand,  it  has  very  little  action 
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[Another  general  method  of  preparing  phenol  is  to 
pass  from  benzene  through  nitro-benzene  and  aniline. 
The  latter  is  decomposed  by  boiling  with  nitrous  acid 
forming  phenol  and  nitrogen.    See  §  114.] 

55.  Since  the  properties  of  alcohols  are  similar  to  those 
of  metallic  bases  we  might  expect  that  they  would  form 
oxides  on  heating,  just  as  most  bases  do ;  but  this  is 
seldom  the  case,  so  that  the  alcohols  resemble  the  caustic 
alkalies  in  this  respect.  It  is,  however,  easy  to  remove 
water  in  presence  of  a  dehydrating  agent, — in  the  case 
of  ethyl  alcohol,  sulphuric  acid  is  used. 

Exp.  25. — Fit  up  a  flask  with  a  condenser,  dropping 
funnel  and  thermometer,  reaching  nearly  to  the 
bottom  of  the  flask.  In  the  flask  place  a  niixture  of 
about  equal  volumes  of  sulphuric  acid  and  alcohol, 
and  heat  it  by  a  sand  bath  to  about  140°.  Fill  the 
di'opping  tube  with  a  mixture  of  alcohol  and  sul- 
phuric acid  and  allow  it  to  trickle  in  fi-om  time  to 


"Fie-.  9. 


time.  A  volatile  liquid  comes  over,  with  a 
characteristic  smell  of  ether. 
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56.  Etter  is  a  volatile,  mobile,  colourless  liquid  of 
specific  gravity  "72,  boiling  at  35°  and  solidifying  at  — 129°. 
Its  percentage  composition   and  molecula  weigbt  are 
represented  by   the  formula  O^HioO.     "WTien  rapidly 
volatilised  the  heat  which  is  rendered  latent  in  the  ether 
vapour  is  suppHed  by  any  bodies  with  which  it  is  in  con- 
tact and  they  become  very  cold,  so  much  so  that  an  ether 
spray  is  largely  used  to  produce  local  cooHng. 
Exp.  26. — Take  a  small  beaker  and  place  it  on  a  few 
drops  of  water  on  a  block  of  wood.    Put  some  ether 
in  the  beaker  and  blow  air  through  it  by  means  of  a 
tube  and  bellows.     The   ether  cools,  the  water 
fi-eezes,  and  the  beaker  sticks  to  the  wood. 
Ether  acts  as  a  solvent  and  is  able  to  extract  many 
bodies  fi-om  their  solutions  in  water.     It  has  also  a 
valuable  anaesthetic  action.     Ether  burns  in  air  and 
explodes  with  oxygen;  care  must  always  be  taken  to 
evaporate  ether  only  on  a  water  bath  and  without  a  flame 
very  near  it. 

Chloririe  acts  rapidly  on  ether,  substituting  chlorine  for 
hydrogen  atoms  until  finally  it  replaces  them  all  forming 
C.ClioO.  This  suggests  that  aU  the  hydrogen  atoms  are 
similar,  and  so  no  hydroxyl  group  can  be  present. 
Hydi'ochloric  acid  has  little  action  on  ether.  Hydriodic 
and  sulphuric  acids  act  upon  ether,  splitting  it  up  into  a 
mixture  of  ethyl  alcohol  and  ethyl  iodide  or  ethyl 
hydrogen  sulphate,  respectively. 

Nitric  acid  and  other  oxidising  agents  oxidise  ether. 

Sodium  and  alkalies  have  no  action  on  ether. 

Phosphorus  pentachloride  acts  upon  ether  when  they 
are  heated  together,  substituting  two  chlorine  atoms  for 
^^IS^'^  splitting  it  up  at  the  same  time  into 

ethyl  chloride.  In  order  to  explain  this  reaction  we  must 
assume  that  ether  is  an  oxide  of  ethyl,  (CliXO  corre- 
spondmg  to  the  hydroxide  alcohol,  CH^OH,"  and  bearing 
the  same  relation  to  it  as  the  oxide  of  sodium,  Na,0,  does 
to  its  hydroxide,  NaOH.  " 

57.  We  can  now  explain  the  reactions  between  sulphuric 
acid  and  alcohol.    When  sulphuric  acid  is  mixed  with 


44 


ALCOHOLS.     ETHETiS.  GLYCERIN. 


alcohol,  the  _  acid  sulphate,  ethyl  hydrogen  sulphate, 
CoHs .  HSO4,  is  formed,  and  the  water  is  removed  by  the 
acid, 

C2H5OH  +  =        .  HSO,  +H,0. 

The  acid  sulphate  when  heated  to  160°  in  presence  of 
sulphuric  acid  splits  up  into  ethylene  and  sulphui-ic  acid, 
thus : — 

But  if  there  is  an  excess  of  alcohol  and  the  temperature  is 
kept  below  this,  about  140°,  then  the  alcohol  reacts  with 
the  acid  sulphate,  forming  ether  and  sulphuric  acid.  The 
equation  may  be  given  thus  : — 

O2H5 .  HSO4  +  QH^OH  =  {G,'R,),0  +  nSO, 

Since  the  sulphuric  acid  is  regenerated,  the  process  is  con- 
tinuous so  long  as  the  sulphuric  acid  is  strong  enough  to 
form  the  acid  sulphate.  It  is  hence  called  the  continuous 
etherijication  process. 

Again,  since  hydriodic  acid  sj^lits  ether  into  alcohol  and 
iodide,  perhaps  the  process  can  be  reversed  to  foiTQ  ether. 
The  reversal  is  at  once  brought  about  by  acting  on  the 
alcohol  first  with  sodium  and  then  on  the  sodium  deriva- 
tive by  the  iodide.    An  equation  may  be  given 

OaH.ONa  +  C^HJ  =  ^^^^  >  0  +  Nal 

This  is  a  general  reaction  and  is  used  to  make  mixed  ethers, 
e.g.  the  action  of  methyl  iodide  on  sodium  alcohol  would 
form  methyl  ethyl  oxide, 

CsHjONa  +  CH3I  =        >  0  +  Nal 

58.  It  may  have  been  noticed  that  the  formula  C^HuiO 
coidd  also  be  written  to  represent  an  alcohol,  C4H9OII, 
hutyl  alcohol  as  well  as  ethyl  ether,  (C2H5)20.  It  woidd 
appear  from  this  that  the  ethers  have  the  same  percentage 
composition  and  molecular  weight  as  alcohols,  i.e.  they  arc 
isomeric  compounds,  but  there  is  sometimes  held  to  be  a 
difference  between  isomerism  of  this  kind  and  that  which 
we  have  noticed  between  different  hydrocarbons  with  the 
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same  molecular  formtila,  since  these  classes  of  compounds, 
tlie  alcohols  and  ethers,  have  different  class  properties, 
while  the  hydrocarbons  of  the  same  formula  have  in 
general  similar  class  properties.  This  variety  of  isomerism 
may  be  called  metamerism,  and  the  compounds  metamers. 

59.  We  have  seen  that  the  alcohols  are  hydroxides  with 
oxides  corresponding  to  them,  they  are  monacid  or  monad 
bases  derived  fi'om  hydi'ocarbon  radicles.  We  should 
therefore  naturally  expect  to  find  diacid  or  diad  bases  and 
triacid  or  triad  bases  among  the  alcohols.  This  is  the 
case,  provided  the  hydroxyl  groups  are  attached  to  different 
carbon  atoms  of  the  molecule,  the  case  in  which  the 
hydroxyl  groups  are  attached  to  the  same  carbon  atom  is 
considered  in  the  next  chapter. 

[It  must  be  mentioned  that  there  is  some  confusion  of 
terms  about  this  point,  and  the  terms  monatomic,  diatomic, 
etc.,  and  monohydric,  dihydric,  etc.,  alcohols  are  some- 
times used  instead  of  the  base  terminology  given  above. 
A  little  consideration  will  shew  the  inadvisability  of  using 
the  same  adjective  to  express  the  number  of  atoms  in  a 
molecule  and  the  number  of  hydroxyl  groups  in  an 
alcoholic  molecule.] 

60.  Only  one  of  the  polyad  bases  need  be  discussed  now, 
viz.  glycerin  or  glycerol,  discovered  by  Scheele  in  1779. 

In  the  manufacture  of  soap  by  the  action  of  caustic  soda 
on  fats,  the  watery  solution  left  after  the  separation  of  the 
soap  may  be  evaporated  down  and  distilled.  After  the 
water  has  evaporated,  a  sweetish  liquid  is  left,  which  boils 
at  about  290°.  Its  molecular  composition  is  represented  by 
CaHgOa,  and  it  is  glycerin.  Grlycerin  is  prepared  now  by 
the  action  of  superheated  steam  on  fats.  Glycerin  is  a 
thick  colourless  syi-up  of  specific  gravity  1-27.  It  melts 
at  20°  after  being  crystallised,  and  boils  when  pure  at 
290°.  It  is  very  hygroscopic  and  is  used  in  the  manu- 
facture of  stamping  inks,  flexible  glue,  etc. 

Exp.  27. — ^Apply  a  light  to  a  little  glycerin  on  a  crucible 
lid,  it  does  not  burn.  Heat  the  glycerin  to  150°. 
It  now  burns  when  Lighted, 
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The  reactions  of  glycerin  are  very  complex.  Chlorine 
causes  oxidation.  Hydrochloric  acid  forms  salts,  replacino- 
one  or  two  hydi'oxyl  groups  by  chlorine.  Sulphuric  acid 
forms  a  sulphate  of  glycerin,  and  nitric  acid  a  nitrate, 
which  contains  three  nitrate  groups  and  is  a  tri-nitrate' 
03H5(N03)3.  This  body  is  nitro-glycerin  or  trinitrin,  which 
explodes  violently  when  its  detonation  is  once  started  by  a 
shock.  Phosphorus  pentachloride  removes  three  hydroxyl 
groups  and  replaces  them  by  three  chlorine  atoms,  formiag 
trichlor  propane,  O3H5CI3.  These  facts  are  best  explaiaed 
on  the  assumption  that  the  three  carbon  atoms  are  directly 
united,  and  that  there  are  three  hydroxyl  groups,  one 
united  with  each  carbon  atom  thus 

CH2(0H)  -  CH(OH)  -  0H2(0H). 
This  formula  is  confii-med  by  synthesis. 

As  glycerin  is  an  alcohol  we  might  expect  changes  on 
dehydration,  thus  distillation  with  calciimi  chloride  removes 
three  molecules  of  water  from  two  molecules  of  glycerin, 
forming  glycerin  ether,  (032:5)203.  Phosphoric  anhydride 
or  sodium  hydrogen  sulphate  also  remove  water,  forming 
acrolein,  O3H4O,  a  body  with  a  characteristic  smell  of  bui-nt 
fat. 


CHAPTEE  Vir. 
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61.  As  the  oxidation  of  the  hydrocarbons  by  the  intro- 
duction of  hydroxyl  for  hydrogen  has  led  to  a  distinct  class 
of  bodies,  the  alcohols,  and  as  alcohol  so  readily  reduces 
common  oxidising  agents,  it  would  be  well  to  investigate 
the  oxidation  products  of  alcohol  more  carefully. 

Exp.  28. — Take  a  flask  fitted  with  a  thistle  funnel,  and 
connected  with  a  condenser,  and  place  in  it  20  grammes 
of  potassium  bichromate  covered  by  60  c.c.  of  water. 


10. 


Drop  m  a  cold  mixture  of  20  c.c.  of  alcohol  and 
15  c.c.  of  strong  sulphuric  acid.  Be  careful  not  to 
aUow  the  temperature  to  rise,  and  not  to  run  in  the 
alcohol  mixture  too  quicHy.  Eedistil  the  cUstiHate 
trom  a  water  bath  at  a  temperature  of  30°  usinff  a 
good  condenser,  and  coUect  the  portion'  boilino- 
about  20—22°.  ^ 
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The  distillate  has  different  properties  from  alcohol,  and 
its  composition  and  molecular  weight  are  represented  by 
the  formula  C3H4O.  Since  its  formula  differs  from  that  of 
the  parent  alcohol,  OjIIeO,  by  two  hydi-ogen  atoms  it  is 
called  ethyl  or  acetic  aldehyde,  or  more  shortly,  aldehyde. 

62.  Aldehyde  is  a  colourless  mobile  liquid  with  a 
characteristic  fruity  smell  and  burning  taste.  It  boils  at 
21°.  It  is  soluble  in  water,  alcohol  and  ether,  and  readily 
dissolves  sulphm-,  phosphorus,  iodine  and  resins.  Chlorine 
acts  upon  aldehyde  forming  various  compounds :  in  pre- 
sence of  chalk  and  water  it  substitutes  three  chlorine 
atoms  for  three  hydrogen  atoms,  and  forms  chloral, 
O2HCI3O,  thus  suggesting  that  thi-ee  of  the  hydi-ogen  atoms 
are  similarly  situated  to  each  other  and  differently  from 
the  other  one.  Hydrochloric  and  sulphiu'ic  acids  cause  a 
curious  and  characteristic  change.  At  ordinary  tem- 
peratui'es  the  effect  of  these  acids  is  to  raise  the  boiling 
point  of  the  liquid,  and  at  the  same  time  its  molecular 
weight  becomes  tripled.  It  is  now  represented  by  the 
formula  (021140)3  as  a  polymer  of  aldehyde,  and  it  is 
called  paraldehyde.  If  the  aldehyde  is  at  0°  the  acids 
cause  it  to  polymerise  into  a  solid,  metaldehyde. 

Nitric  acid,  chromic  acid  and  other  oxidising  agents 
are  readily  reduced  by  aldehyde,  more  readily  than  by 
alcohol. 

Exp.  29. — Take  a  solution  of  silver  nitrate  in  a  test 
tube,  add  to  it  a  few  drops  of  ammonia  solution 
until  the  precipitate  at  fii'st  formed  redissolves.  Then 
add  a  few  drops  of  potash  solution  until  the  solution 
becomes  slightly  turbid.  Add  a  few  drops  of  alde- 
hyde. The  silver  is  reduced,  more  quickly  on 
warming,  in  the  form  of  a  lustrous  metallic  lining  to 
the  tube,  the  silver  mirror. 

Add  a  few  di'ops  of  aldehyde  to  some  Fehling's 
solution  of  copper  and  boil.  The  yellow  precipitate 
of  reduced  cuprous  oxide  is  seen. 

This  reduction  of  silver  and  copper  is  used  as  a  test  for 
aldehyde. 

Sodium  amalgam  reduces  aldehyde  again  to  alcohol. 
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In  presence  of  caustic  alkalies  aldehyde  is  readily 
resinified  to  aldehyde  resin,  another  characteristic  test. 

Exp.  30. — Boil  a  few  drops  of  aldehyde  in  a  test  tube  with 
a  strong  solution  of  caustic  potash.  It  turns  yellow 
and  then  brown  from  the  formation  of  aldehyde  resin. 

63.  Phosphorus  pentachloride  substitutes  two  chlorine 
atoms  for  one  oxygen  atom,  indicating  the  absence  of  any 
single  hydroxyl  group,  and  also  that  the  carbon  atoms  are 
not  joined  by  the  oxygen  atom.  Hence  if  three  hydrogen 
atoms  are  similarly  situated  (see  §  62),  if  there  is  no 
hydroxyl  group  and  if  the  carbon  atoms  are  connected,  we 
arrange  the  formula  for  aldehyde  thus  : — 

H  H 

H-A-C"'<^    or  H-0-0<^ 

H  H 
The  first  foi-mula  assumes  that  the  valency  of  an  atom  is 
determined  m  every  case  by  the  number  of  other  atoms  on 
which  It  IS  actmg  directly ;  in  this  case  carbon  is  trivalent 
and  oxygen  monovalent.  The  second  or  double  bond  form 
assumes  that  carbon  is  always  tetravalent  and  oxygen 
divalent.  ^ 

These  formulae  do  not  readily  indicate  the  connection 
between  aldehyde  and  alcohol;  the  properties  of  chloral 
together  with  the  compounds  formed  by  oxidising  alcohol 
with  potassium  permanganate,  suggest  the  most  probable 
explanation  of  the  formula  of  aldehyde  and  of  its  properties. 
Probably  oxidation  of  alcohol  to  aldehyde  takes  place  in  a 
usual  manner,  viz.  the  oxidation  of  a  hydrogen  atom  to  a 
hydroxyl  group,  which  may  be  represented  thus  : 

2  CHaCH.OH  +  0,  =  2  CHaOHCOH)^ 
Under    ordinary    circumstances   two    hydroxyl  groups 
attached  to  the  same  carbon  atom  readily  split  off  water  in 
this  case      CH30H(0H),  =  CH3CHO  +  H,0  ' 

Z\tZlll  ^  •  "^^'Y  P""'^!^^^*^  of  metaUic  bases 

in  the  cases  of  mercuric  hydroxide  which  has  not  been 
prepared,  as  it  immediately  splits  up  into  mercuric  oxide 

Carb.  Comp.  ^ 
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and  water,  and  cupric  hydroxide,  wiiiclL  splits  off  water 
wlien  warmed. 

We  can  now  understand  why  phosphorus  pentachloride 
substitutes  the  oxygen  atom  by  two  chlorine  atoms,  since 
the  oxygen  atom  represents  two  hydroxy]  groups. 

64.  Aldehyde  with  its  two  hydroxy!  groups  has  the  pro- 
perties of  a  metallic  peroxide,  and  can  unite  both  with  a 
weak  acid  and  a  weak  base;  thus  it  combines  (i)  with 
ammonia  forming  a  clear  crystalline  compound,  aldehyde 
ammonia,  and  (ii)  with  hydrocyanic  acid  forming  a  hydroxy 
cyanide.    Equations  may  be  given, 

(i)  OH.,CH(OH)^  +  NH3  =  CH3CH(0H)NH,  +  H,0 

(ii)  CH;CH(OH)j  +  HON  =  CH3CH(0H)CN  +  H,0 

65.  Starting  with  methyl  alcohol  instead  of  ethyl,  it  is 
oxidised  in  the  same  way  to  the  aldehyde  of  the  lowest 
possible  carbon  content,  formaldehyde  or  methyl  aldehyde, 
represented  by  the  formulae 

H-CHO  or  HCH(0H)2_ 
This  body  is  readily  formed  by  the  oxidation  of  methyl 
alcohol  by  free  oxygen  under  the  influence  of  platinum, 
but  its  special  interest  is  connected  with  the  probability 
that  it  is  the  first  product  of  reduction  of  carbonic  acid 
by  the  green  plant,  which  may  perhaps  be  represented  by 
the  equation 

CO(OH),.  +  H,0  =  HCH(0H)3  +  0, 
Its  properties  are  similar  to  those  of  aldehyde. 

66.  Chloral  is  prepared  by  passing  chlorine  through 
alcohol  for  a  long  time.  The  resulting  liquid  is  distilled, 
mixed  with  water,  and  choral  hydrate,  CCI3CHO,  HjO  or 
CCl3CH(0H),,  is  crystallised  out. 

Chloral  hydrate  is  a  colourless  crystalline  solid  with_  a 
faint  smell,  which  is  more  pungent  on  warming.  It  dis- 
solves in  water,  and  is  readily  acted  on  by  caustic  alkahes 
with  separation  of  chloroform. 

jjxp.  31.— Take  a  few  crystals  of  chloral  hydrate  and 
dissolve  them  in  water  in  a  test  tube.  Add  caustic 
potash,  the  solution  turns  milky  and  drops  are  soon 
noticed  with  the  characteristie  smell  of  chloroform. 
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We  find  out  what  lias  taken  place  when  we  discover  that 
the  solution  contains  another  compound,  potassium  formate, 
HCO2K,  so  that  the  reaction  may  conveniently  be  expressed 
m  equation  form,  thus  : 

CCl3CH(0H),  +  KOH  =  OHCI3  +  HCO,K  +  H,0 

_  67.  The  formation  of  chloroform  by  the  action  of  bleach- 
mg  powder  on  alcohol  may  also  be  simply  but  not  completely 
esplamed.  (a)  The  hypochlorite  oxidises  the  alcohol  to 
aldehyde  and  at  the  same  time  chlorinates  it  in  presence 
o±  li-ee  hme  by  substituting  thi-ee  chlorine  for  three 
hydrogen  atoms,  forming  chloral,  (b)  The  alkali,  lime 
acts  upon  the  chloral  formed  and  splits  it  into  chloroform 
and  calcium  formate.  An  exactly  simHar  explanation  may  be 
given  for  the  formation  of  iodoform,  the  intermediate 
product  bemg  todal,  CI3OHO. 

68.  A  very  large  number  of  interesting  scents  and 

derived  fi-om  aldehydes,  but  these  are  generaUy  beyond 
the  scope  of  this  work.  There  is,  however,  another  class 
of  bodies  which  have  characteristic  aldehyde  reactions. 
ihese_  are  sweet  bodies  which  crystaUise  out  of  plant  or 
ohi^d^n  '^f  r  •    Otter  sugars  are  also 

mm^Z\  ^^™als   notably  the  sugar  Contained  in 

mili  and  prepared  by  the  evaporation  of  whey 

Now  though  it  has  not  been  possible  to  convert  the 
sugars   mto  vapoiu-   without  decomposing  them  their 
molecular  weights  have  been  determinid  by  other  methods 
lltlon'''''"p'  '^'"^^         P-centa7e  com: 

'"'Sbon  ^Tor^- 

Hycbogen     6-67  6-43 

Oxygen     _53-33  =  8  x  6-67       51-46  =  8  x  6-43 

100-00 

Though  the  sugars  have  not  aU  the  same  composition  vet 
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of  it,  cane  sugar  being  represented  by  OizHszOu-  The 
multiple  in  tbe  case  of  grape  sugar,  as  determined  by 
solution  methods  of  determining  molecular  weights,  is  6, 
BO  that  grape  sugar  is  (OH,0)o  or  CeHnOa.  Nearly  aU 
the  sugars  of  higher  molecular  weight,  when  boiled  with 
dilute  acids,  are  changed  to  bodies  of  the  same  percentage 
composition  as  grape  sugar  and  with  similar  properties. 

69.  Orape  sugar,  dextrose,  or  glucose  is  found  in 
most  ripe  sweet  fruits  and  may  be  crystallised  from 
their  juice.  It  is  found  crystallised  in  raisins.  It  is 
a  crystalline  solid  melting  when  pure  at  86°.  Hydrochloric 
acid  acts  on  it,  substituting  chlorine  for  hydroxyl  and 
forming  chlorides.  Nitric  acid  has  a  similar  action,  forming 
nitrates,  so  that  grape  sugar  is  basic,  i.e.  probably  alcoholic 
in  character.  It  dissolves  in  sulphuric  acid,  but  is  not 
readily  charred  by  it.  Grape  sugar  is  oxidised  by  chromic 
acid,  a  property  of  an  alcohol  though  it  is  also  character- 
istic of  an  aldehyde. 

Exp.  32.— Boil  a  little  grape  sugar  solution  with 
ammoniacal  silver  solution,  Fehling's  solution,  and 
caustic  potash  solution.  The  first  two  are  reduced, 
the  last  is  turned  brown. 

Hence  grape  su.gar  reduces  silver  salts  to  the  metal, 
cupric  salts  to  cuprous,  and  is  resinified  by  caustic  potash, 
so  that  it  has  the  characteristic  properties  of  an  aldehyde. 
It  is  also  reduced  to  an  alcohol  by  sodium  amalgam. 

Hence,  on  the  whole,  the  best  formula  to  sum  up  the 
properties  of  grape  sugar  should  represent  its  carbon 
atoms  as  all  connected,  and  as  arranged  to  form  an  alde- 
hyde and  some  alcohol  groups.    There  is  only  one  way  ot 

doing:  this  readily,  viz. : — 

H     H     H     H  H 

H_A-0-C-C-G-C<^ 

i       I       I       I  I 
0      0     0      0  0 

H     H     il     H  II 
or  in  the  abbreviated  form  GH,OH(CHOH),CnO. 
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Grape  sugar  has  a  characteristic  property  in  being 
fermentable  by  yeast  into  alcohol  and  carbon  dioxide ; 
it  also  rotates  the  plane  of  polarisation  of  light. 

70.  Cane  sugar  is  obtained  from  the  juice  of  the  sugar 
cane,  or  beet  root.  The  juice  is  either  expressed  and 
evaporated  in  vacuum  pans,  or  diifused  out  into  water  and 
then  evaporated.  It  is  purified  by  being  passed  in  solution 
through  animal  charcoal  and  then  crystallised  out. 

Cane  sugar  has  a  characteristic  sweet  taste  and  dissolves 
in  one-third  of  its  weight  of  water. 

Exp.  33. — {a)  Boil  some  cane  sugar  solution  with 
potash  solution  and  Pehling's  solution.  Then  boil 
some  more  cane  sugar  with  dilute  sulphuric  acid 
for  some  time,  say  half-an-hour,  and  try  these  tests 
again. 

(5)  Pour  some  strong  sulphuric  acid  on  cane  sugar. 

It  does  not  reduce  Fehling's  solution  until  after  being 
boiled  for  some  time.  It  is  blackened  by  strong  sulphuric 
acid.  It  is  changed  by  boiling  with  dilute  sulphuric  acid 
for  a  short  time,  and  now  gives  the  grape  sugar  tests 
at  once. 

Analysis  shews  that  it  is  split  up  by  dilute  acids  into 
a  mixture  of  equal  parts  of  grape  sugar  and  another  sugar 
of  the  same  percentage  composition  and  molecular  weight, 
called  laevulose.  Laevulose  is  isomeric  with  dextrose.  This 
reaction  may  be  represented  by  an  equation 

cane  sugar  dextrose.  laevulose. 

This  kind  of  chemical  change  or  splitting,  produced 
simply  by  the  addition  of  water,  is  caUed  hydrolysis. 

Grape  and  cane  sugars  are  typical  of  two  most  important 
classes  of  the  carlohydrates,  so  caUed  because  of  the 
relationship  of  oxygen  to  hydrogen  in  their  percentage 
composition.  It  must  not  be  assumed  however,  that  they 
are  tvater  compounds. 
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71.  Having  observed  that  aldehydes  possess  reducing 
properties,  it  becomes  advisable  to  examine  tbe  products  of 
their  oxidation,  and  in  order  to  do  so  we  submit  the  alde- 
hyde or  alcohol  to  the  action  of  the  oxidising  agent  for 
some  time. 

Exp.  34. — Take  a  half-litre  flask,  fitted  with  a  cork  and 
upright  condenser  so  as  to  run  the  distillate  back. 
Place  in  the  flask  about  twenty  grammes  of  potassium 
bichromate  covered  with  dilute  sidphuric  acid  (one  in 
five).  Warm  by  a  water-bath  and  pour  down  the 
condenser  a  few  c.c.  of  aldehyde  or  alcohol.  The 
smell  gradually  changes  to  that  of  vinegar.  Turn 
the  condenser  down  and  heat  the  flask.  Collect  the 
distillate  coming  over  from  110°  to  120°.  Test  it  with 
litmus,  chalk,  etc.    It  it  acid. 

The  acid  distillate  appears  to  be  similar  to  vinegar,  and 
to  wood  vinegar,  from  which  it  is  generally  prepared. 

72.  Vinegar  is  prepared  from  dilute  spirit  solutions,  by 
the  action  of  Bacterium  aceti,  a  Fungus  which  oxidises 
the  alcohol  by  means  of  the  oxygen  of  the  air  while  the 
solution  is  trickling  over  faggots. 

The  watery  liquid  obtained  in  the  diy  distillation  of 
wood  contains  wood  spirit,  and  is  also  sour  from  the 
presence  of  an  acid. 

From  both  of  these  products  a  pure  acid  is  prepared  by 
neutralisation  with  lime  and  crystallisation  of  the  lime 
salt.  The  lime  salt  is  purified  by  recrystallisation  and 
distilled  with  hydrochloric  or  sulphm-ic  acid.  The  acid 
distils  over, 
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Exp.  35. — Take  a  small  retort,  place  in  it  about  five  or 
ten  grammes  of  calcixmi  or  sodium  acetate.  Cover  it 
with,  strong  sulpliuric  acid.  Heat  carefully  and 
collect  the  product.  It  is  a  pungent  smelling  liquid. 
Test  it  witli  litmus. 


Fig.  11. 


_  Wtetber  prepared  from  aldehyde  or  vinegar,  the  proper- 
ties of  the  body  are  the  same.  Its  percentage  composition 
and  molecular  weight  are  represented  by  the  formula 
O2H4O2,  and  it  is  called  aeetio  acid. 

73.  Pure  acetic  acid  is  a  colouiiess  liquid  of  specific 
gravity  1'055.  It  blisters  the  skin,  and  has  a  characteristic 
pungent  smell,  which  on  dilution  is  like  that  of  vineo-ar 
It  melts  at  17°  and  boUs  at  118°.  The  vapour  density  of 
its  vapour  has  the  peculiarity  of  being  nearly  twice  as  great 
just  above  the  boiling  point  as  at  higher'  temT)eratures ; 
it  has  been  supposed  that  it  has  a  higher  molecular  weight 
at  low  temperatures  than  at  high  ones.  Each  molecule 
temperature  may  perhaps  be  represented  by 
(02H402)2._  It  acts  as  a  solvent  for  many  bodies  which  are 
msoluble  in  water,  e.g.  sulphui-  and  phosphorus. 

Exp.  36.— Apply  a  Kght  to  some  acetic  acid  in  a  basm. 
it  does  not  burn.  Heat  the  basin  and  apply  a  light 
to  the  boiling  acid ;  its  vapour  now  biu-ns. 
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Chlorine  acts  upon  acetic  acid  by  substitution  only,  and 
substitutes  tkree  chlorine  for  three  hydrogen  atoms  in 
succession,  producing  three  different  compounds,  mono- 
chloracetic,  dichloracetic,  and  trichloracetic  acids.  No 
oxidation  is  noticed. 

Hydrochloric  acid,  sulphuric  acid,  nitric  acid,  chromic 
acid,  and  oxidising  agents  generally  have  no  action  on 
acetic  acid,  but  an  alkaline  solution  of  potassiimi  perman- 
ganate is  able  to  oxidise  it  (to  oxahc  acid).  Phosphorus 
pentachloride  acts  on  acetic  acid,  substituting  one  chlorine 
atom  for  hydroxyl,  and  forming  acetyl  chloride,  O2H3O  .  01, 
a  fuming  liquid. 

74.  The  most  characteristic  compounds  of  acetic  acid  are 
its  salts,  prej)ared  by  the  direct  reaction  between  the 
acid  and  bases  or  basic  oxides.  Acetic  acid  is  a  mono- 
basic acid  and  only  contains  one  atom  of  replaceable 
hydrogen  per  molecule.  All  its  salts  are  soluble  in  water, 
but  they  are  frequently  decomposed  by  boiling  water 
and  give  precipitates  of  a  basic  salt. 

Exp.  37. — ^Neutralise  some  acetic  acid  with  soda  and 
crystaUise  out  the  sodium  acetate. 

Dissolve  litharge  or  lead  carbonate  in  moderately 
strong  acetic  acid  and  crystallise  out  lead  acetate 
(sugar  of  lead). 

Add  a  solution  of  acetate  of  soda  to  ferric  chloride. 
A  red  solution  of  ferric  acetate  !Fe(02H302)3  is  seen. 
Neutralise  and  boil  this,  and  a  brown  precipitate  of 
basic  ferric  acetate  comes  down  Fe(OH)2C2H302. 
This  precipitate  is  insoluble  in  water  and  is  used  to 
remove  iron  from  solutions  containing  phosphates. 

75.  We  have  now  suflScient  data  to  decide  on  the 
formula  of  acetic  acid,  and  we  arrange  it  thus : 

H 

H-0-C<0_^ 
H 

This  formula  embodies  the  facts  : 

(a)  One  atom  of  hydi'ogen  is  rej)laceable  by  metals  and 
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one  hydroxyl  group  by  chlorine  under  the  action  of 
phosphorus  pentachloride. 

(b)  Three  hydrogen  atoms  are  different  from  the  other 
one  and  can  be  substituted  by  chlorine  without  destroying 
the  acid  characters  of  the  body, 

(c)  It  is  prepared  from  aldehyde  by  oxidation,  one 
hydrogen  atom  being  oxidised  into  a  hydi-oxyl  group. 
Thus: 

2  CH3CHO  +  0^=2  CH3OOOH 

76.  It  would  perhaps  be  well  to  write  out  an  inductive 
proof  of  the  formula  in  sequence,  thus  : 

(a)  The  percentage  composition  of  acetic  acid  is 
represented  by  the  formula  CHaO. 

(5)  The  molecular  weight  is  60,  so  the  molecular 
composition  is  represented  by  2  (CHoO)  or  C3II4O2. 

(c)  Metals,  basic  oxides  and  bases  act  on  acetic  acid 
replacing  one  atom  of  hydi-ogen  by  one  atom  of  the  metal 
of  a  monad  base,  so  we  can  write  the  formula  of  the  body. 

aHjOo .  H 

(d)  Phosphorus  pentachloride  acts  on  acetic  acid, 
replacing  one  oxygen  and  one  hydi-ogen  atom  by  one 
chlorine  atom,  forming  O2H3OOI.  Hence  we  assume 
that  a  hydroxyl  group  is  present,  and  may  write  the 

formula  C2H2O  •  q  jj-    Now  in  order  to  decide  whether 

the  hydrogen  atom  replaced  by  metals  is  the  same  as 
that  of  the  hydroxyl  group,  we  endeavour  to  act  upon 
the  chloride  by  caustic  soda.  This  only  substitutes 
sodium  agam  in  place  of  the  chlorine  by  adding 
oxygen  as  weU  so  that  we  can  assume  that  these  two 
hydi-ogen  atoms  are  the  same  and  write  the  formida 

C2H3O  .  OH 

(e)  The  action  of  chlorine  in  replacing  one,  two  or 
three  hydrogen  atoms  by  the  same  number  of  chlorine 
atoms  without  altering  the  basicity  and  general  properties 
of  the  acid  confii-ms  the  fact  that  three  hydrogen  atoms 
flre  cbfferently  situated  fron;  the  other  one,  ^ 
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(/)  Considering  these  facts  in  the  light  of  the  valencies 
of  the  atoms  concerned,  the  formula  must  be  arranged 
like  this : 

H 
H 

and  it  agrees  with  the  fact  of  the  formation  of  acetic 
acid  by  oxidation. 

77.  The  process  of  oxidation  is  evidently  only  a 
continuation  of  the  oxidation  of  alcohol  to  aldehyde 
by  the  conversion  of  a  hydrogen  atom  into  a  hydroxyl 
group,  thus  alcohol,  CH3CH2OH  is  oxidised  to  aldehyde, 
CH30H(OH)2,  which  is  oxidised  further  to  acetic  acid 
CH3C(OH)3.  Just  as  aldehyde  cannot  keep  its  two 
hydroxyl  groups  attached  to  one  carbon  atom,  so  acetic  acid 

cannot  do  so  and  water  is  split  off,  leaving  CH3  —  0^^^ 

This  monovalent  group  of  atoms  (— COOH)  is  termed  the 
carhoxyl  group,  and  is  characteristic  of  organic  acids.  So 
general  is  the  presence  of  this  group  in  organic  acids  that 
it  has  been  adopted  to  define  them  in  preference  to  the 
properties  selected  for  defining  inorganic  acids. 

78.  [Additional  weight  is  given  to  the  formula  for  acetic 
acid  by  another  method  of  building  it  up,  fi-om  marsh  gas. 

Methyl  chloride  or  iodide  is  converted  into  methjd  cyanide 
by  the  action  of  an  alcoholic  solution  of  potassium  cj'anide. 
The  resulting  methyl  cyanide  contains  two  atoms  of 
carbon,  so  we  have  added  one  carbon  atom  to  the  methyl 
group.  When  the  cyanide  is  boiled  with  dilute  acids  it 
splits  up  into  ammonia  which  combines  with  the  acid,  and 
0,cetic  acid,  thus  : 

CH3CN  +  3  H,0  +  HCl  =  CH3C(OH)3  +  NH4CI 

=  CH3COOH  +  NH.Cl  +  H,0 
This  is  a  most  imjiortant  general  method  of  synthesising 
organic  acids  by  the  addition  of  carbon  atoms,  one  at  Q, 
time]. 
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79.  When  we  start  to  oxidise  methyl  alcohol,  HCHjOH, 
or  methyl  aldehyde,  HCHO,  we  prepare  at  once  an.  acid 
with  the  molecular  composition  represented  by  the  formula, 
HCOOH,  and  called  formic  acid,  from  its  identity  with  an 
acid  fii'st  prepared  by  distUling  red  ants.  The  method  of 
preparing  acids  by  oxidising  alcohols  is  thus  a  general 
method. 

Formic  acid  is  also  prepared  by  distilling  oxalic  acid 
with  glycerin,  but  the  reaction  is  complicated. 

Formic  acid  is  a  coloiuiess  liquid  of  specific  gravity 
1-22,  boiling  at  99-9°  and  fi-eezing  at  8-6°. 

Its  reactions  are  very  similar  to  those  of  acetic  acid,  and 
all  its  salts  are  soluble.  As  it  has  only  one  carbon  atom 
it  is_  the  lowest  acid  and  cannot  very  readily  form 
substitution  derivatives. 

80.  It  has,  however,  two  very  important  differences 
from  acetic  acid,  {a)  When  boUed  with  sulphuric  acid  it 
forms  carbon  monoxide.  (5)  It  is  very  readily  oxidised 
even  by  weak  oxidising  agents. 

Exp.  38.  Take  a  test  tube  and  pour  into  it  about  1  c.c.  of 
formic  acid  and  5  or  10  c.c.  of  sulphuric  acid  and  heat. 
Apply  a  light  to  the  mouth  of  the  tube.  The  gas  given 
off  burns  with  a  characteristic  blue  flame  formino- 
carbon  dioxide,  so  that  it  is  carbon  monoxide.  ° 
Take  a  solution  of  silver  nitrate,  add  to  it 
ammonia  and  potash,  as  in  Exp.  30,  and  add  formic 
acid  and  warm.  A  silver  mirror  forms.  Take  a 
solution  of  mercuric  chloride,  and  add  formic  acid 
and  boil.  The  mercuric  chloride  is  reduced  to 
mercurous  chloride. 

This  difference  between  the  two  acids  is  best  explained 
after  an  mspection  of  the  formula  HCOOH,  which  can 
be  arranged  m  two   ways:    (i)  as   an   acid  HCOOH 

orH-|-C<Q^  and  (ii)  as  an  aldehyde  HO  —  CHO  or 
Carbosyl  Group. 

H-0^  C  In  the  latter  case  the  formula  is  written 

Aldehyde  Group. 
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as  an  aldeliyde  of  hydroxyl  wliicli  oxidises  very  readily  to 
carbonic  acid. 

81.  One  important  reaction  of  tlie  acids  has  been  already 
given.  Wben  heated  witb  excess  of  sodalime  tlie  carboxyl 
group  splits  up,  part  being  retained  by  tbe  hydrocarbon 
formed  from  the  residue  of  the  acid,  and  part  by  the  base 
in  the  form  of  carbonate.  "We  can  express  the  reaction 
generally  by  an  equation  using  the  symbol  0„H,„^2  to  re- 
present a  paraffin. 

0,.H2„+i  COONa  +  NaOH  =  C„H2„+3  +  Na^CO^ 

When  sodium  formate  is  heated  with  sodalime,  n  =  Q, 
and  hydrogen  is  formed. 

[Two  other  important  reactions  may  be  noted,  (i) 
Heating  the  calcium  salt  of  the  acid  alone,  (ii)  Heating 
the  calcium  salt  of  the  acid  with  calcium  formate.  The 
first  reaction  results  in  the  formation  of  a  derivative  of  the 
acid  in  which  a  hydrocarbon  radicle  takes  the  place  of  the 
hydi'oxyl  in  the  carboxyl  group,  and  which  is  termed  a 
ketone.  In  the  case  of  calcium  acetate  an  equation  which 
represents  part  of  the  reaction,  viz.  the  formation  of  the 
ketone,  acetone,  is 

(CH3C00)2Ca  =  OH3COCH3  +  CaOOs 
calcium  acetate.  acetone. 

When  calcium  formate  is  used  the  hydrogen  of  the  formate 
enters  the  carboxyl  group  in  place  of  the  hydroxyl  group, 
thus  causing  a  reduction  of  the  acid  to  aldehyde.  We 
may  represent  this  part  of  the  reaction,  in  the  case  of 
heating  calcium  acetate  and  formate,  by  an  equation, 

(CH3C00)2Ca  +  (H000)20a  =  2  OH3CHO  +  2  CaCOj 
calcium  acetate,    calcium  formate.  aldehyde. 
The  second  reaction  is  of  great  interest,  as  it  enables  us  to 
prepare  aldehydes  dii-ect  from  acids  containing  the  same 
number  of  carbon  atoms.] 

82.  Many  aromatic  resins  when  heated  with  lime  yield 
benzene,  and  when  gum  benzoin  is  heated  by  itself  it 
forms  a  nearly  colourless  sublimate  of  fine  needle-shaped 
crystals.    These  crystals  when  heated  with  lime  yield 
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benzene  and  calcmm  carbonate,  so  that  tbey  are  a  source 
of  benzene.  On  analysis  the  crystals  are  found  to  liave 
the  molecular  formula  C,Hc02.  They  melt  at  121°  and 
boil  at  250°.  They  are  much  more  soluble  in  hot  water 
than  in  cold ;  they  dissolve  readily  in  alkalies,  and  may 
be  crystallised  out  from  their  solutions,  in  the  form  of  salts 
■which  are  much  more  soluble  in  water  than  the  original 
substance. 

When  treated  with  phosphorus  pentachloride,  hydroxyl 
is  replaced  by  chlorine  forming  a  characteristic  compound, 
resembling  acetjd  chloride.  These  reactions  can  be  best 
explained  by  assuming  that  the  crystals  are  an  acid, 
benzoic  acid,  and  that  it  contains  the  benzene  ring,  thus  : 

CeH^COOH 

Confirmation  is  obtained  (i)  by  the  formation  of  the  acid 
from  toluene,  CeHjCHs  by  the  action  of  chromic  acid,  and 
(ii)  by  its  synthesis  from  benzene  by  passing  form  benzene 
to  benzene  cyanide  or  len%onitrile,  OeHgCN  (see  §  108), 
followed  by  the  splitting  of  this  compound  under  the  action 
of  dilute  acids  or  alkalies  to  form  benzoic  acid,  OeHsCOOH, 
and  ammonia. 

83.  When  sorrel  or  rhubarb  juice  is  evaporated  a 
crystalline  salt  is  foimed,  which  is  decomposed  on  heating, 
leaving  potassium  carbonate  behind,  and  forming  carbon 
monoxide  and  carbon  dioxide.  This  suggests  the  presence 
of  a  salt  of  potassium  with  an  organic  acid,  so  we  must  try 
to  prepare  the  acid  in  the  usual  way,  by  precipitating  the 
potassium  salt  as  a  lead  salt  by  the  addition  of  lead 
acetate,  and  precipitating  the  lead  as  lead  sulphide  by 
sulphuretted  hydrogen. 

Exp.  39.  Dissolve  10  or  15  grammes  of  salt  of  sorrel  in 
water.    Add  a  solution  of  lead  acetate.    Filter  the 
precipitate  and  wash  it  well.     Suspend  the  pre- 
cipitate in  water  and  pass  in  sulphiu-etted  hydrogen. 
When  all  the  lead  is  precipitated  as  lead  sulphide, 
filter,  and  evaporate  the  filtrate,  crystals  separate  out. 
The  crystals  have  the  composition  represented  by  the 
formula  CH3O3,  and  are  called  oxalic  acid,  but  as  water  is 
given  off  on  heating  and  the  substance  left  has  much  the 
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same  properties  as  the  acid,  the  formula  miglit  be  written 
COsH,  H2O.  Tiiis  substance  is  an  acid,  turning  litmus 
rod,  and  forming  salts  and  water  when  reacting  with,  basic 
oxides  and  bases. 

By  solution  methods  we  find  its  molecular  weight  is 
represented  by  the  double  formula  G^EeOe  or  C2H2O4, 
2  HjO,  so  that  we  can  now  make  use  of  the  fact  that  it  has 
the  same  formula  as  carboxyl,  a  monovalent  group,  by 
writing  the  formula  thus : 

C(0H)3  COOH 
I  or   I        ,  2H,0 

C(0H)3  COOH 
We  both  satisfy  the  properties  of  the  acid,  and  the 
valencies  of  its  atoms.  This  formula,  showing  the  exist- 
ence of  two  carboxjd  groups  in  a  molecule  of  the  acid, 
suggests  that  the  acid  must  be  dibasic,  and  we  find  that 
this  is  the  case ;  oxalic  acid  forms  two  series  of  salts,  the 
normal  and  the  acid,  represented  in  the  case  of  potassium 
salts  by  the  formulae 

K2C2O4,  H,0     and     KHC2O4,  H^O 
normal  potassium  oxalate.     acid  potassimn  oxalate. 

This  fact  alone  would  make  us  infer  that  the  doubled 
formula,  (C02H)2,  2  H3O,  must  be  used  to  represent  the 
body. 

84.  Chlorine,  hydrochloric  acid  and  nitric  acid  have  no 
action  on  oxalic  acid,  but  it  is  readily  oxidised  to  carbon 
dioxide  and  water  by  potassium  permanganate  or  man- 
ganese dioxide  and  sulphuric  acid. 

Exp.  40. — Take  a  solution  of  oxalic  acid,  add  a  little 
dilute  sulphuric  acid,  and  warm  it  to  60°.  Eun  in 
a  few  c.c.  of  potassium  permanganate  solution.  This 
salt  is  decolorised,  and  bubbles  of  a  gas  are  given  off, 
which  is  proved  to  be  carbon  dioxide  by  lime  water. 
Repeat  the  experiment  using  manganese  dioxide 
instead  of  potassium  permanganate.  The  manganese 
dioxide  dissolves,  and  the  oxalic  acid  is  again 
oxidised  to  carbon  dioxide  and  water.  In  each  case 
manganous  sulphate  should  be  proved  to  be  in  the 
solution. 
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Heat  decomposes  oxalic  acid;  first  it  sj)lit3  off  water 
and  then  decomposes  further  into  a  mixture  of  carbon 
monoxide  and  dioxide,  and  water.  The  action  of  strong 
sulphui-ic  acid  is  similar,  and  the  oxalic  acid  splits  up  into 
a  mixture  of  carbon  monoxide  and  dioxide,  the  water 
being  retained  by  the  sulphuric  acid.  The  decomposition 
may  be  represented  by  the  equation, 

(COOH),,  2  H^O  =:  CO2  +  CO  +  3  H,0 
Exp.  41. — Take  a  small  flask  fitted  with  thistle  funnel 
and  delivery  tube  (Fig.  5).    Place  in  the  flask  about 
2  grammes  of  oxalic  acid  and  cover  with  excess  of 
strong  sulphuric  acid.    Heat  and  collect  the  gas 
over  water  saturated  with  carbon  dioxide.  Measure 
the  volume  collected,  transfer  it  to  caustic  potash 
solution,  and  let  it  stand.    The  gas  is  about  lialf 
absorbed,  and  the  residue  burns  with  a  light  blue 
flame,  formiug  carbon  dioxide.     Hence  the  gases, 
carbon  dioxide,  and  monoxide  are  evolved  in  ap- 
proximately equal  volumes. 
Oxalic  acid  forms  a  large  series  of  salts,  of  which  the 
most  useful  and  characteristic  are  the  normal  and  acid 
potassmm  oxalates  already  noticed,  salt  of  lemon  and 
sorrel^  KHC,0,,  H,aO„  2  H,0,    and  calcium  oxalate, 
LaUUi,  which  is  msoluble  in  acetic  acid,  but  soluble  in 
hydrochloric  acid. 

85.  There  are  many  modes  of  preparing  oxalic  acid 
perhaps  the  most  interesting  are  :  ' 
(i)  The_  action  of  heat   on  sodium  foi-mate,  when 
hydi-ogen  is  given  off  and  sodium  oxalate  is  formed. 
iJiis  may  be  expressed  in  equation  form  thus- 
2HCOONa  =  H3+(COONa)3 

(11)  ihe  action  of  carbon  dioxide  on  sodium  at  360° 
[Potassium  can  only  be  used  in  a  weak  solution  in 
mercury,  2  per  cent,  potassium  amalgam.]    Tliis  maybe 
summarised  m  an  equation,  »      J  j 

r-N        n-      2CO,  +  2Na  =  (COONa)2 
hySra\e?tht:  "  ^^^"^^^^^  ^'''^'^''^^  -"b- 

(»)  By  the  action  of  nitric  acid  on  sugar. 
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Exp.  42. — Boil  some  sugar  with  nitric  acid  for  some  time 
in  a  small  fla  sk.  Crystals  separate  out  whicli  should  be 
recrystallised  from  water.  The  crystals  are  oxalic  acid. 
(h)  By  the  action  of  hot  caustic  potash  on  sawdust 
or  other  forms  of  woody  tissue.    The  mixture  is  fused 
in  shallow  iron  pans,  boiled  out  with  water,  and  the 
oxalic  acid  crystallised  out  on  acidification. 

86.  When  milk  goes  sour,  or  when  sugar  is  allowed 
to  ferment  in  neutral  solution  under  the  action  of  Bacillus 
lactis,  an  organism  which  produces  soui-ing  of  milk,  a 
characteristic  acid,  lactic  acid,  is  formed. 

If  zinc  oxide  is  used  to  keep  the  solution  neutral,  crusts 
of  a  crystalline  zinc  salt  are  formed.  These  crusts  are 
suspended  in  water  and  precipitated  by  means  of  sul- 
phui-etted  hyda-ogen.  On  evaporation  an  oily  liquid  is  left, 
with  the  percentage  composition  and  molecular  weight 
represented  by  OaHsOg;  this  Hquid  is  lactic  acid.  A  similar 
body,  sarcolactic  acid,  is  found  in  muscular  tissue. 

87.  Lactic  acid  acts  on  bases  substituting  one  atom  of 
hydrogen  by  one  atom  of  a  monovalent  element,  and  when 
heated  with  lime  it  splits  off  carbon  dioxide,  and  forms 
alcohol.  Probably  then  it  is  an  acid  with  a  carboxyl 
group  OaHsO  .  COOH.  Hydi-obromic  acid  substitutes  one 
bromine  atom  for  one  hydroxyl  group,  forming  a  denva^tive 
of  the  corresponding  acid  of  the  acetic  series  with  three 
carbon  atoms,  viz. :  monobrom-propiom'c  acid.  Hence  there 
is  raobably  a  basic  or  alcohoHc  hydroxyl  gi-oup  m  the 
SoFecule,  and  we  may  write  it  O.H,(OH) .  COOH.  .  This  is 
confirmed  by  the  fact  that  phosphorus  pentachloride  sub- 
stitutes two  hyda-oxyl  groups  by  two  chlorme  atoms,  so 
that  lactic  acid  may  be  caUed  a  hydroxt/  or  oxy-propiomc 

When  we  come  to  di-aw  out  the  possible  formulae  we 
find  that  there  are  two  possible  l^^tic  acids  v^.: 

CH3CH(0H)C00H    and  CH,(OH)CH,COOH 

To  remember  which  is  which  we  adopt  the  plan  of  letter- 
ing the  carbon  atoms  fi'om  the  group  which  gives  the  body 
its  name,  in  this  case  the  carboxyl  gi-oup  gives  the  body 
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the  name  of  acid  so  that  the  carbon  atoms  are  lettered 
a,  /3,  7,  etc.,  starting  fi-om  the  one  attached  to  the  carboxyl 
group. 

Then  the  former  acid  becomes  w-hydroxy  propionic 
acid,  and  the  latter  ^-hydroxy  propionic  acid. 

88.  "We  can  prepare  the  two  acids  by  different  methods 
■which  leave  no  doubt  as  to  the  identity  of  the  acid  prepared, 
thus  to  prepare  the  <t-acid,  we  act  upon  aldehyde  with 
hydrocyanic  acid  as  mentioned  ia  §  64. 

CH3CHO  +  HON  =  CH3CH(0H)CN. 

The  action  of  dilute  acids  converts  this  oxycyanide  into 
lactic  acid  and  an  ammonium  salt.  The  methyl  grouj) 
can  only  be  changed  by  substituting  its  hydrogen,  and  no 
such  substitution  can  be  observed  in  this  case.  The  acid 
prepared  must  be  the  a-lactic  acid,  CH3CH(0H)000H. 

We  can  also  prepare  a-lactic  acid  from  propionic  acid, 
CH3CH2OOOH,  by  acting  first  with  chlorine  which  substi- 
tutes chlorine  for  hydrogen  in  the  a-position  forming  a- 
chloi-propionic  acid,  CH3CHCICOOH,  foUowing  this  by  the 
substitution  of  hydroxyl  for  chlorine  by  the  action  of  potash. 

These  two  methods  of  preparation  are  both  general  for 
oxy-acids.  a-lactic  acid,  sometimes  called  ethylidene  lactic 
acid,  IS  found  to  be  identical  with  the  natural  ferinentation 
lactic  acid.  It  is  a  thick  hygroscopic  syi-up  which  gives  off 
water  when  heated,  forming  an  anhydride.  It  is  spHt  up 
by  dilute  acids  to  a  mixture  of  aldehyde  and  formic  acid 
and  it  IS  oxidised  to  acetic  and  carbonic  acids,  both  of 
Teid  confirm  the  suggested  formula  of  a-lactic 

89.  The  chief  difference  between  sarcolactic  and  ordinary 
lactic  acid  is  that  the  former  is  opticaUy  active  and  dextro^ 
rotatory,  while  the  latter  is  opti'caUy  inactive.  The  la  er 
IS,  however  half  converted  into  the  sarcolactic  variety  bv 

he  n^*^'  I'^^i^Ui^  glaucum,  whSe 

the  other  half  is  used  up  by  the  mould.    When  separated 

mrfr^.r  Tl'""'  ^''^     ^"^'l     b«  ^  ^i^ture  ?f  equai 
parts  of  the  dextro-rotatory  sarcolactic  acid  and  a  laevo 
rotatory  acid  of  equal  rotatory  power. 

Carh.  Comp.  _ 
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90.  The  (3-  or  ethylene  lactic  acid,  CH2(OH)CH2COOH 
can  be  prepared  from  glycerin  by  several  methods  which 
are  beyond  the  scope  of  this  volume.  Briefly,  they  consist 
in  substituting  chlorine  for  hydrogen  in  the  /3-po8ition, 
followed  by  the  substitution  of  hydi-oxyl  for  chlorine.  The 
first  step  is  more  difficult  than  the  corresponding  step  in 
the  formation  of  the  a-acid.  It  forms  no  anhydride  on 
heating.  It  is  oxidised  with  the  formation  of  carbonic  and 
oxalic  acids. 

91.  When  wintergreen  oil  is  boiled  with  caustic 
potash,  in  order  to  obtain  methyl  alcohol,  and  the  caustic 
potash,  solution  is  acidified  with  hydrochloric  acid,  a  silky 
white  precipitate  is  formed.  This  precipitate  dissolves 
readily  in  alkalies  to  form  one  series  of  salts  only,  and  is 
an  acid,  salicylic  acid.  It  has  the  percentage  composition 
and   molecular   weight   represented   by   the  formula 

When  heated  with  lime,  phenol,  C6H5OH,  is  formed  and 
chalk  is  left,  exactly  what  we  should  expect  from  a  carboxyl 
derivative  of  phenol,  06H4(OH)COOH ;  ia  fact  it  is  possible 
to  insert  a  carboxyl  group  into  phenol  by  passing  through 
phenol  sulphonic  acid,  06H4(OH)S03H,  and  phenol  cyanide, 
06H4(OH)CN.  SahcyHc  acid  is  a  colomiess  crystalliae 
solid,  almost  insoluble  in  water  but  soluble  in  alcohol.  It 
acts  as  a  preservative  of  fermentable  substances,  and  is 
used  in  medical  practice. 

Exp.  43. — (a)  Heat  a  little  salicylic  acid  with  quicklime 
in  a  small  test  tube  and  notice  the  smeU  of  phenol.  _ 

(b)  Take  some  salicylic  acid  and  pom-  some  caustic 
potash  solution  on  it,  it  readily  dissolves ;  add  some 
dilute  hydrochloric  acid,  the  acid  is  precipitated. 

(c)  To  a  solution  of  salicylic  acid  in  a  minimum 
quantity  of  alkali  add  some  ferric  chloride  solution. 
A  violet  colour  is  formed. 

Add  some  bromine  water  to  some  salicylate 
solution,  a  white  precipitate  is  formed. 
Salicylic  acid  is  prepared  commonly  by  adding  to  phenol 
one  equivalent  of  caustic  soda,  evaporating  to  dryness, 
heating  the  powdered  mistui-e  to  130°,  and  passmg  m 
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carbon  dioxide.  Salicylic  acid  and  phenol  are  formed ;  the 
action  may  be  represented  by  tbe  equation  : 

2  CeH^ONa  -f  GO,  =  CeHjONaCOONa  +  CeH.OH. 
sodium  phenol  eodium  salicylate 

Three  salicylic  acids  are  known,  but  the  one  prepared  in 
this  way  and  used  for  preservative  purposes  is  represented 
by  the  formula 

H 

/°\ 

HO  C-OH 


HO  0-COOH 

1 

H  • 

in  which  the  hydi-oxyl  and  the  carboxyl  groups  are 
attached  to  adjacent  carbon  atoms  of  the  benzene  ring 
buch  a  compound  is  caUed  an  or^Ao-compound  and  salicylic 
acid  18  ortho-salicylic  acid. 

92.  When  the  juice  of  ripe  juicy  fruits  is  evaporated, 
crystals  generally  separate  mixed  with  sugar!  The 
crystals  dissolve  in  water,  and  may  be  purified  by  re- 
crystallisation  m  presence  of  dHute  sulphuric  acid  or 
carbonic  acid  which  make  the  crystals  less  soluble 

However  in  the  natui-al  fermentation  of  grape  juice 
carbon  dioxide  is  formed  which  causes  the  precipitation  of 
the  same  msoluble  crystaUine  substance,  tortor,  which 
yields  potassium  carbonate  on  ignition.  The  body  is 
recrystaUised  and  forms  cream  of  tartar.  When  heated  it 
thnt  T«  potassium  carbonate,  so  it  appears  probable 

that  the  original  body  is  a  potassium  salt  of  an  organic 
acid.  Cream  of  tartar  is  dissolved  in  water,  and  precipifated 
as  a  lead  or  calcium  salt,  which  is  suspended  in  water  id 
decomposed  by  sulphuretted  hydroge^  in  the  former  case 
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and  by  sulpliuric  acid  in  tlie  latter.  Tlie  solution  is 
evaporated  and  deposits  crystals  of  an  acid  body  of  a 
composition  represented  by  CiHeOe  called  tartaric  acid. 

93.  Tartaric  acid  forms  two  series  of  salts,  and  two  only, 
■with  different  amounts  of  caustic  potasb  solution,  so  that  it 
is  probably  a  dibasic  acid,  containing  two  carboxyl  groups. 
It  is  acted  on  by  bydrobromic  acid  with  tbe  substitution  of 
two  bromine  atoms  for  two  bydroxyl  groups,  so  that  it 
probably  contains  two  alcoholic  bydroxyl  groups.  The 
best  way  in  wHcb  a  formula  can  be  arranged  to  agree  with 
this  is  COOH 

I 

CH(OH) 
I 

CH(OH) 
I 

COOH 

The  presence  of  so  many  bydroxyl  groups  is  accompanied 
by  an  instability  under  the  action  of  heat,  sulphuric  acid, 
and  oxidising  agents,  even  silver  salts  being  reduced  by 
the  acid. 

Exp.  44. — (ffl)  Heat  some  crystals  of  tartaric  acid  alone 
and  with  concentrated  sulphuric  acid,  and  notice  the 
decomposition  products. 

{h)  Shake  up  a  silver  solution  with  ammonia  and 
potash  as  in  Exp.  30,  and  add  some  cream  of  tartar 
solution.    Warm  and  observe  the  silver  mirror. 
The  two  tartrates  of  potassium  are  of  interest,  the  normal 
salt,  -K^G^,0„  iH^O,  being  soluble,  and  the  acid  salt,  cream 
of  tartar,  KHO4H4O6,  being  rather  insoluble  m  water. 
Eochelle  salt,  a  double  tartrate  of  sodium  and  potassiiim, 
KNaOiHiOc,  4HoO,  is  also  useful  on  accoimt  of  its  solubility. 

94.  The  tartrates  of  the  heavy  metals  are  interesting  as 
they  "are  insoluble  in  water  but  soluble  in  cream  of  tartar 
solution,  with  formation  of  soluble  double  tartrates.  These 
double  tartrates  are  also  soluble  in  excess  of  alkaU  so  that 
they  prevent  the  precipitation  of  these  metals  by  alkalies. 
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Use  is  made  of  tliis  jDroperty  in  making  up  an  alkaline 
solution  of  a  copper  salt,  Feliling^s  solution,  and  in  making 
up  soluble  preparations  of  iron  and  of  antimony. 

Exp.  45. — (ff)  To  a  solution  of  a  potassiimi  salt  add  a 
solution  of  tartaric  acid,  and  rub  the  inside  of  the 
containing  vessel  with,  a  glass  rod.  The  insoluble 
acid  salt,  hydrogen  potassium  tartrate,  cream  of  tartar 
separates  out. 

(5)  To  a  solution  of  ferric  chloride  add  tartaric 
acid  in  excess,  and  then  add  excess  of  ammonia 
solution.  The  solution  turns  brown  but  no  precipitate 
of  ferric  hydi-oxide  is  formed. 

(c)  To  a  solution  of  copper  sulphate  add  Eochelle 
salt  and  then  caustic  potash  in  excess.  No  precipitate 
appears  even  on  boiling,  though  the  solution  tui-ns  to 
the  blue  colour  characteristic  of  alkaline  solutions  of 
copper. 
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ETHEREAL  SALTS.  SAPOMFICATION. 

95.  We  have  just  seen  that  wintergreen  oil  is  decom- 
IDOsed  hj  alkalies  yielding  methyl  alcohol,  i.e.  an  organic 
base,  and  salicylic  acid,  an  organic  acid.  Many  other 
natural  oils  and  fats  are  similarly  decomposed,  yielding 
other  alcohols  and  other  acids.  It  would  he  of  interest  to 
study  the  formation  and  properties  of  a  few  salts  of 
organic  bases  and  organic  acids,  i.e.  ethereal  salts  or  esters. 

We  might  at  first  expect  that  the  resemblance  between 
organic  and  inorganic  acids  and  bases  would  be  so  com- 
plete that  mere  addition  of  an  alcohol  to  an  acid  would 
cause  neutralisation,  accompanied  by  the  formation  of  an 
organic  salt  and  water,  but  this  is  not  generally  the  case. 
In  order  to  form  a  salt  we  requii-e  the  presence  of  a 
dehydrating  agent  m  some  form,  the  two  generally  used 
being  concentrated  sulphuric  acid  or  hydrochloric  acid  gas. 
Exp.  46. — Fit  a  distilling  flask  with  a  thermometer  and 
condenser,  as  in  Fig.  3.    Make  a  mixture  of  50  c.c. 
alcohol  (methylated  spirit),  32  c.c.  of  glacial  acetic 
acid,  and  9  c.c.  of  strong  sulphuric  acid,  and  pour  it 
into  the  flask.    Warm  the  liquid  and  collect  all 
liquid  coming  ofi  below  100°.    Pour  the  distillate 
into  water  and  shake  well:  allow  to  separate,  and 
pour  off,  separate  or  pipette  off  the  more  oily 
upper  layer.    EedistH  this  upper  layer  from  solid 
calcium  chloride  and  coUect  the  fi-action,  boihng 
about  74—75.°    It  is  a  pleasant  smelling  liquid,  alette 
ester. 
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96.  Acetic  ester  is  a  colourless  liquid  witli  a  pleasant 
fi"agi-ant  smell,  somewhat  Like  tliat  of  apples.  Its  per- 
centage composition  and  molecular  weight  are  represented 
by  the  formula  OiHsOz.  By  the  action  of  concentrated 
caustic  potash  solution  it  is  split  uj)  into  ethyl  alcohol, 
which  distils  off,  and  potassium  acetate,  which  remains  in 
solution.  This  suggests  that  the  body  must  be  considered 
as  ethyl  acetate,  with  the  formula  CH3OOOO2II5.  It  is 
fairly  soluble  in  water  (1  in  12),  and  on  standing  the 
water  becomes  strongly  acid  from  formation  of  free  acetic 
acid.  This  decomposition  by  water,  or  hydrolysis,  gives 
one  explanation  of  the  non-formation  of  the  salt  by  the 
action  of  the  free  acid  on  the  alcohol,  since  the  water 
tends  _  to  _  split  up  the  salt  as  soon  as  it  formed.  The 
equation  is  generally  written  thus : 

OH3COOH  -I-  Z  n,0  -f  CH3COOO2H5 

The  two  arrow  heads  indicate  that  the  direction  of  the 
change  depends  upon  the  relative  proportions  of  the 
products,  and  on  the  conditions  of  the  reaction. 

97.  We  have  already  seen  that  glycerin,  an  alcohol,  is 
obtained  from  fat  in  the  process  of  soap-making,  and  we  may 
now  investigate  the  whole  change  and  the  nature  of  fats. 

Exp.  47.— Boil  some  suet  with  a  dilute  solution  of 
caustic  potash  until  it  is  mostly  dissolved.  Pom- 
off  the  clear  liquid,  and  add  to  it  an  excess  of  hydro- 
chloric acid.  There  is  an  immediate  white  precipi- 
tate of  flocks  of  a  fatty  substance.  Collect  some  of 
the  precipitate  on  a  filter  paper.  Mix  some  of  the 
precipitate  with  water;  it  is  insoluble.  Add  potash 
solution,  the  precipitate  dissolves,  and  is  ao-ain  pre- 
cipitated by  the  action  of  an  acid.  It  is  probably 
therefore,  an  acid  or  acids. 

Examination  of  the  flocks  prepared  in  this  way  from 
different  anunal  fats  shows  that  they  are  mixtm-es,  and  it 
IS  possible  to  squeeze  out  by  pressure  a  yeUow  oil  and 
leave  a  white  wax-like  soHd. 

The  yellow  oil  consists  for  the  most  part  of  an  oil  repre- 
sented by  the  formula  CnHj^COOH,  and  caUed  oleic  acid. 
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The  white  solid  differs  in  composition  witli  its  source. 
Thus  from  hard  fat  and  Shea  butter  its  composition  is 
represented  by  Oi,H,,5COOH,  called  stearic  acid,  and  from 
softer  fats  and  J apanese  wax  the  composition  is  represented 
by  CisHsiCOOH,  called  palmitic  acid. 

The  last  two  acids  are  paraffins  with  a  carboxyl  group 
substituted  for  hydrogen,  and  the  first  is  an  olefine  with 
one  pair  of  trivalent  carbon  atoms  or  a  double  bond. 

_  98.  The  properties  of  palmitic  and  stearic  acids  are  so 
similar  that  they  are  generally  considered  together.  They 
are  colourless  fatty  bodies,  melting  at  61°  and  71°,  respec- 
tively. They  are  insoluble  in  water,  soluble  in  alcohol, 
benzene,  etc.,  and  in  solutions  of  alkalies.  They  combine 
with  bases  to  foi-m  salts,  the  soaps.  The  soluble  alkali 
salts  are  soluble  in  pure  water,  but  insoluble  in  salt 
water. 

Exp.  48. — Make  a  solution  of  soap  in  water  and  add  to 
it  some  salt.  The  soap  comes  out  of  solution  in  the 
form  of  flocks,  which  rise  to  the  surface.  Pilter  off 
some  of  the  flocks  and  boil  them  with  water;  they 
are  soluble  in  pure  water,  so  that  they  are  not 
fatty  acids. 

The  soaps  of  the  alkaline  earths,  calcium  and  magnesium 
especially,  are  insoluble  in  water,  and  are  precipitated  by 
the  addition  of  soap  solution  to  hard  water.  This  precipi- 
tation is  quantitative,  and  is  used  for  the  estimation  of 
hardness  of  water. 

Soap  solution  has  a  curious  effect  on  the  surface  tension 
of  fats  and  oils,  so  that  finely  divided  particles  of  fats  do 
not  tend  to  run  together  in  a  soapy  solution.  Such  an 
intimate  mixture  of  fat  particles  and  water  is  termed  an 
emulsion,  and  the  cleansing  properties  of  soap  are  due  to 
the  formation  of  an  emulsion  of  any  particles  of  grease  by 
the  action  of  the  soapy  water. 

The  sodium  soaps  are  harder  than  the  potassium  soaps, 
so  that  the  latter  are  generally  called  soft  soaps. 

99.  Since  glycerin  and  fatty  acids  are  prepared  by 
splitting  fats  by  the  action  of  caustic  potash,  we  believe  the 
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common  fats  are  compounds  of  glycerin  with  the  acids, 
palmitic,  stearic,  and  oleic,  and  since  glycerin  is  a  triad 
base,  we  should  expect  the  formula  of  the  stearic  acid  fat 
to  be 


CnHsaCOO  -  OH2 

CnH3.,C00  -  CH 
Ci:H35COO  -  CH,. 


This_  agrees  with  the  percentage  composition  of  this  fat 
and  it  IS  called  stearin  or  tristearin.    Similar  formulae  are 

fn^^  nnnfn         ^""^  (Ci5H3,COO)3C3H,,  and 

{^na.?,A'^y})i'<Jii±s,  respectively. 

The  process  of  splitting  a  neutral  fat  by  the  action  of  a 

base,  forming  a  soap  and  glycerin  is  termed  smonifl- 

cation,  but  the  term  is  extended  to  include  the  spHtting  of 

a  neutral  body  into  base  and  acid  generally. 

100.  Pahnitic  and  stearic  acids  being  paraffins  with  a 
carboxyl  group  substituted  for  hydrogen  are  members  of 
the  acetic  series,  and  it  is  instructive  to  compare  the  pro- 
perties of  the  higher  and  lower  acids ;  their  changes  of 
melting  pomt,  boiling  point,  solubility  in  water,  etc. 

Just  as  it  IS  possible  to  make  an  ethyl  ester  from  acetic 
acid,  so  It  is  possible  to  do  the  same  with  pahnitic  and 
stearic  acids  by  passing  hydrochloric  acid  gas  into  an 
by'tt  fo^^^^^^^         '""^  ^^^^^  esters,%presented 

C,5H3,COOO,Hg  and  CnHssCOOOaHs 
are  crystalline  bodies  melting  at  24°  and  33°  respectively. 
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101.  We  have  now  to  deal  with  a  very  important  class 
of  organic  bodies,  the  cyanogen  compounds,  which  contain 
nitrogen  combined  with  carbon.  We  have  already  noticed 
one  important  use  of  these  bodies  in  the  synthesis  of 
organic  acids. 

When  electric  sparks  are  passed  through  a  mixture  of 
acetylene  and  nitrogen  they  partly  combine  to  form  a  gas 
which  smeUs  of  bitter  ahnonds,  and  is  soluble  in  caustic 
potash  solution.  The  gas  is  obtained  purer  fi'om  the 
solution  in  caustic  potash  by  the  action  of  dilute  sulphm-ic 
acid. 

The  gas  is  more  conveniently  obtained  from  bitter 
almonds  themselves. 

Exp.  49.  Pound  some  bitter  almonds  in  a  mortar,  add 
water  and  mix  them  well  up ;  allow  the  mixtui-e  to 
stand  in  a  warm  place.  After  a  few  hours  place  the 
mixture  in  a  flask  fitted  with  a  condenser  (Fig.  8) 
and  distn.  Be  careful  to  do  the  distillation  in 
a  draught  chamber,  and  not  to  inhale  the  fumes. 

The  distillate  contains  a  volatile  acid,  having  the  per- 
centage composition  and  molecular  weight  represented  by 
the  formula  HON,  and  called  hydrocyanic  or  pnmic  acid. 
The  formation  of  the  acid  is  accompanied  by  the  formation 
of  oil  of  bitter  almonds  or  benzaldehyde  and  glucose,  and 
these  are  all  derived  from  a  compound  of  the  three  bodies, 
a  glucoside,  amygdalin,  OsoHstNOh,  which  maybe  dissolved 
out  of  the  almonds  by  cold  water.  The  equation  which 
represents  the  reaction  is  : 

aoH,,NO„  +  2  H,o  =  C0H5  -  cno  +  2  Ccn,,Oo  +  hcn 

amygdalin  'benzaldehyde  glucose 
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102.  To  obtain  the  pure  acid,  the  dUute  solution  is  mixed 
with  calcium  chloride  and  distilled,  when  it  is  found  to 
form  a  colourless  liquid  solidifying  at  —  15°  and  boiling  at 
26-5°.  It  has  a  characteristic  smell  of  bitter  almonds  or 
laiirel  leaves,  and  is  one  of  the  most  poisonous  bodies 
known,  as  regards  animal  life,  either  in  a  state  of  vapour 
or  in  solution.  It  burns  in  air  when  lighted.  Hydro- 
cyanic acid  is  soluble  in  water,  and  combines  with  bases  to 
form  salts  in  which  the  one  hydrogen  atom  is  replaced  by 
the  metal  of  a  base. 

One  of  the  most  interesting  syntheses  of  hydrocyanic 
acid  is  by  the  action  of  chloroform  on  ammonia  under 
pressure.  This  synthesis  leaves  little  doubt  that  ordinary 
prussic  acid  has  both  the  nitrogen  and  the  hydrogen  atom 
in  direct  combination  with  the  carbon  atom.  The 
mechanism  of  this  reaction  may  be  demonstrated  thus : 

ici  hI 

HC  z  ici h!  7  n = hcn + s  hoi 

^01 HI 

This  mode  of  formation  of  the  acid  justifies  the  use  of  a 
triple  bond  between  the  nitrogen  and  carbon  atoms  to 
indicate  that  the  nitrogen  atom  is  playing  the  part  of 
three  monovalent  atoms  or  groups,  HC  =N. 

103.  On  mixing  caustic  potash  with  excess  of  hydro- 
cyanic acid  and  evaporating  the  solution  we  obtain  a 
colourless  deliquescent  solid,  potassmm  cyanide,  KON.  The 
salt  is  very  soluble  in  water  and  also  but  to  a  less  extent  in 
alcohol.  It  is  a  very  poisonous  salt.  As  hydrocyanic  acid 
is  a  weak  acid,  potassium  cyanide  smells  of  prussic  acid 
since  the  carbon  dioxide  of  the  air  forms  a  strong  enough 
acid  in  presence  of  moisture  to  decompose  the  salt. 

Potassium  cyanide  precipitates  other  metallic  cyanides 
from  solution,  e.g.  silver  and  mecuric  cyanides,  AgON  and 
Hg(CN)2,  but  these  cyanides  readily  dissolve  in  excess  of 
the  potassium  salt  though  they  are  insoluble  in  water.  The 
explanation  of  this  change  of  solubility  is  that  double 
salts  of  silver  or  mercury  and  potassium  are  formed,  which 
are  soluble  in  water. 
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Exp.  50. — (rt)  To  a  solution  of  silver  nitrate  add 
potassium  cyanide  solution.  A  white  precipitate  is 
formed  of  silver  cyanide,  AgCN ;  as  excess  of  the 
cyanide  solution  is  added  the  precipitate  dissolves, 
forming  the  double  salt,  AgCN,  KCN. 

(5)  Add  the  solution  of  silver  nitrate  to  the  cyanide. 
Any  precipitate  seen  is  immediately  dissolved  until 
just  half  the  acid  is  present  as  the  silver  salt  and 
half  as  the  potassium  salt ;  at  this  point  all  is  in 
solution,  but  the  addition  of  a  few  di-ops  more  of 
silver  solution  causes  a  precipitate  of  silver  cyanide. 

The  equations  which  represent  these  reactions  are  : 

(  KCN,  Aq  +  AgN03,  Aq  =  AgCN  +  E:N03,  Aq 

AgCN  +  KCN,  Aq  =  AgCN,  KCN,  Aq 
(  AgCN,  KCN,  Aq  +  AgNOs,  Aq= 2  AgCN  +KN03Aq 

104.  Just  as  mercuric  oxide  is  split  up  by  heat  into  a 
mixture  of  mercury  vapour  and  oxygen  so  mercui-ic  cyanide 
is  split  Tip  into  a  mixture  of  mercury  vapour  and  another 
gas,  which  smeUs  very  like  prussic  acid,  and  bums 
with  a  lavender  flame.  This  gas  has  the  molecular  com- 
position represented  by  the  formxda  C2N2,  and  is  called 
cyanogen. 

The  equation  which  represents  the  greater  part  of  the 
reaction  is  Hg(CN)2  =  Hg  +  (CN)^ 

which  may  be  compared  with  the  corresponding  equation 
for  the  decomposition  of  mercuric  oxide : 
2HgO  =  2Hg+02 

The  gas  is  so  intensely  poisonous  that  it  should  only  be 
prepared  vsdth  the  greatest  precautions. 

105.  The  existence  of  cyanogen  enables  us  to  make  the 
story  of  hydrocyanic  acid  complete  by  showing  the 
resemblance  in  properties  between  the  element  chlorine  and 
the  compound  radicle  cyanogen. 

{a)  Cyanogen  combines  with  metals  directly  to  form 
cyanides ;  in  the  case  of  potassium  wo  may  compare  the 
action  with  that  of  chlorine : 

2K  +  (CN)2  =  2KCN 

2K  +  CI0  =2KC1 
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(h)  Cyanogen  forms  a  hydride  wliich.  lias  acid  properties 
and  forms  salts  from  wlaicli  the  hydride  is  prepared  by  the 
action  of  less  volatile  acids.    This  is  also  the  case  with 
chlorine :        ^OH  +  HON  =  KCN  +  H..0 
KOH  +  HCl  =KC1  +H2O 

(c)  The  free  radicle  forms  its  molecules  by  doubling, 
like  chlorine  :        compare  (CN)2  and  CI2 

(d)  The  action  of  cyanogen  on  a  caustic  alkali  is  similar 
to  that  of  chlorine,  involving  both  an  oxidation  to  the 
state  of  cyanic  acid  and  a  reduction  to  the  state  of 
hydrocyanic,  thus  : 

2  KOH  +  (CN),  =  KCN  +  KCNO  +  H,0 
2KOH  +  CI2     =KC1  +KC10  +H2O 

106.  One  of  the  most  important  properties  of  the 
cyanides,  as  we  have  just  seen,  is  their  tendency  to  form 
double  salts,  but  in  the  case  of  the  cyanides  of  the  iron 
and  other  metals  of  Group  VIII.,  these  salts  are  even 
more  characteristic,  and  are  considered  as  salts  of  new 
compound  acids. 

Exp.  51. — To  a  solution  of  ferrous  sulphate  add  potas- 
siimi  cyanide  solution.  A  brown  precipitate  of 
ferrous  cyanide  is  seen.  Add  excess  of  the  potas- 
sium salt,  and  the  precipitate  gradually  dissolves 
forming  a  yellow  solution.  Filter  the  solution  and 
evaporate  down,  yellow  crystals  separate  out.  These 
crystals  are  potassium  ferrocyanide. 

Potassium  ferroci/anide,  4  KCN,  Fe(CN)3,  3 II2O  or 
KiFeCeNe,  3  H2O,  is  a  most  important  salt,  and  it  is  the 
chief  commercial  source  of  the  cyanogen  compounds.  It 
is  prepared  commercially  by  fusing  together  potassium 
carbonate,  leather  scraps,  and  u-on  filings.  The  melt  is 
dissolved  in  water  and  crystallised  out.  The  steps  in  the 
process  are  complicated,  but  may  perhaps  be  explained 
thus : 

(1)  The  potassium  carbonate,  K2CO3,  is  reduced  by  the 
carbon  of  the  leather  to  potassiimi,  which  then  acts  upon 
the  nitrogenous  part  of  the  leather  to  form  potassium 
cyanide,  KCN. 
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(2)  The  potassium  cyanide  acts  upon  the  iron  in  presence 
of  air  and  water  to  form  ferrous  cyanide  and  caustic  potash. 
We  may  put  this  in  equation  form  : 

4  KCN  +  2  Fe  +  2  H^O  +  O2     Fe(CN)2  +  4  KOH 

(3)  The  ferrous  and  potassium  cyanides  react  to  form 
potassium  f  errocyanide : 

Fe(CN)3  +  4  KCN,  Aq  =  K^FeCsNe,  Aq 

107.  Potassium  ferrocyanide  dissolves  in  water,  but  is 
insoluble  in  alcohol.    Its  reactions  are  most  important. 

(1)  Concentrated  hydrochloric  acid  substitutes  hydrogen 
for  potassiimi,  forming  a  colourless  body  represented  by 
the  formula  H4FeC6N6.  This  must  be  the  acid  correspond- 
ing to  the  salt,  potassium  ferrocyanide,  and  it  is  called 
hjdroferrocyanic  add.  The  existence  of  this  acid  is  con- 
firmed by  trying  the  tests  for  potassium,  ferrous  iron  and 
hydrocyanic  acid  in  the  salt,  as  in  Exp.  52. 

(2)  Hot  concentrated  sulphuric  acid  decomposes  the  salt 
forming  sulphates  of  potassium,  ammonium  and  iron,  and 
giving  off  carbon  monoxide.    An  equation  may  be  given : 

K.FeCeNc,  +  8(H2S04,  2  H^O) 

=  4  KHSO4  +  FeSOi  +  3  (NH4)2S04  +  6  CO  -f  lOH^O. 

(3)  Fairly  strong  sulphuric  acid  (H2SO4,  4H2O)  decom- 
poses the  salt  forming  hydrocyanic  acid  and  a  double 
ferrocyanide  of  potassium  and  iron,  K2Fe(FeC6N6).  This 
is  the  reaction  used  for  preparing  hydrocyanic  acid  com- 
mercially. 

(4)  Dilute  sulphuric  acid  completely  decomposes  the 
salt,  forming  potassium  and  ferrous  sulphates  and  hydro- 
cyanic acid.    An  equation  may  be  given: 

K4FeC6Nc  +  5H2SO4,  Aq  =  4KHS04Aq  +  FeSOiAq+GHCN 

(5)  When  heated  alone  a  mixture  of  potassium  cj'anide 
and  ferrous  carbide  is  formed,  and  nitrogen  gas  is  given  off, 

thus:         K4FeCeNe  =  4KCN  +  FeC2-f  N2 

The  loss  of  cyanide  is  avoided  if  the  ferrocyanide  is 
mixed  with  potassium  carbonate  in  formula  weights  before 
heating,  but  the  product  contains  cyanate,  thus : 

KiFeCoNo  -f  K2CO3  =  5  KCN  +  KCNO  -f  Fe  +  CO 
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(6)  Wlieii  heated  with  an  oxidising  agent  such  as 
peroxide  of  lead  or  manganese  it  is  oxidised  to  potassium 
cyan  ate.  The  reaction  is  just  the  same  if  potassium  cyanide 
is  used  instead  of  potassium  ferrocyanide,  thus  : 

2  KCN  +  PbOj  =  2  KC  NO  +  Pb 

This  explains  the  powerful  reducing  action  of  potassium 
cyanide. 

(7)  Chlorine  oxidises  potassium  ferrocyanide  in  solution 
by  removing  one  atom  of  potassium  from  it.  The  salt 
formed  is  called  potassiimi  ferricyanide,  and  is  usually 
given  the  double  formula,  KgFeaCiaNia,  though  there  does 
not  seem  to  be  any  adequate  reason  for  preferring  this 
fomiula  to  the  simpler,  KgPeCeNe.  The  equation  repre- 
senting its  formation  may  be  given : 

2  K,FeCeNe,  Aq  +  Cl^  =  2  KsFeCeNs,  Aq  +  2  KCl,  Aq 

Exp.  52.— To  solutions  of  potassium  cyanide  and 
potassium  ferrocyanide  add  silver  nitrate  and  ferric 
chloride  solutions,  and  compare  the  results.  The 
ferrocyanide  does  not  give  the  cyanide  reactions. 
To  solutions  of  ferrous  sulphate  and  potassium 
ferrocyanide  add  ammonium  chloride  and  ammonia 
the  ferrocyanide  does  not  give  the  ferrous  tests! 
The  ferrocyanide  is  not  an  ordinary  double  salt. 

Heat  some  potassium  ferrocyanide  with  con- 
centrated sulphuric  acid  and  collect  the  gas  given 
off  over  water.  It  burns  with  a  blue  flame,  formino- 
carbon  dioxide,  and  is  carbon  monoxide. 

To  solutions  of  potassium  ferrocyanide  and  ferri- 
cyanide add  ferrous  and  ferric  salts.  Note  that  no 
precipitate  is  formed  of  ferric  ferricyanide,  and  that 
aU  the  other  nuxtui-es  give  blue  precipitates;  ferric 
ferrocyanide  is  Prussian  blue. 

108.  The  organic  cyanides,  also  caUed  nitriles,  have 
aWy  been  mentioned  as  of  great  importance  in  the 

sprmfthodr"    ^'^^  ^'^^ 

(i)  By  the  action  of  potassium  cyanide  on  the  haloid 
derivatives  of  the  hydrocarbons  in  alcoholic  solution,  or  by 
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the  distillation  of  tlie  acid  sulphates  of  the  alcohols  or  the 
sulphonates  of  the  benzene  compounds  with  potassium 
cyanide  or  ferrocyanide.    Equations  may  be  given  : 

CH3I  +  KCN        =  CH3CN  +  KI 
C0H5 .  KSO3  +  KCN  =  CeHsCN  +  KSO, 
It  has  already  been  noticed  that  this  reaction  is  charac- 
terised by  the  addition  of  one  carbon  atom  to  the  molecule. 

(ii)  By  the  removal  of  water  fi-om  the  ammonium  salts 
of  the  organic  acids  by  phosphorus  pentoxide.  Thus,  in 
the  case  of  ammonium  acetate,  methyl  cyanide  is  formed, 
CH3COONH4  —  2  H2O  =  OH3CN.  No  change  in  the  num- 
ber of  carbon  atoms  is  noted  here. 

We  have  already  noted  the  formation  of  oxy-cyanides 
by  the  action  of  hydrocyanic  acid  on  the  aldehydes. 

As  already  seen,  water,  dilute  acids,  and  alkalies 
saponify  the  cyanides  into  ammonia  and  an  organic  acid. 
In  the  case  of  methyl  cyanide,  ammonium  acetate  is 
reformed : 

OH3CN  +  2  H,0  =  OH3OOONH4 

Nascent  hydrogen  converts  the  cyanides  into  a  new  class 
of  bodies  considered  in  the  next  chapter,  the  amines.  Thus 
methyl  cyanide  is  converted  into  ethjlamine. 
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'  109.  An  examination  of  ijroducts  of  putrefaction, 
lierring  pickle,  fungi,  and  many  other  bodies,  by  heating 
them  with  solutions  of  caustic  alkali,  causes  them  to  give 
off  substances  -with,  a  characteristic  blended  smell  of 
ammonia  and  fish.  These  bodies  readily  dissolve  in  water, 
to  which  they  impart  their  smell  and  the  property  of 
turning  litmus  blue.  Their  solutions  resemble  ammonia 
solution  in  being  neutralised  by  acids  with  the  formation 
of  colourless,  crystalline  salts. 

Similar  bodies  are  formed  when  the  haloid  derivatives 
of  the  hydrocarbons  are  heated  with  an  alcoholic  solution 
of  ammonia. 

Thus  when  ethyl  iodide,  C3H5I,  is  heated  with  an 
alcoholic  solution  of  ammonia  under  pressure  a  solid 
residue  is  obtained  after  evaporation,  which  is  a  mixture 
of  five  substances  which  can  be  separated  only  by  a 
somewhat  compHcated  method.  These  substances  are 
found  to  have  the  formulae,  NHafCHj)!,  NH,rO,H.^J 
NH(aH,)3l  and  N(C.H.,)  J  respectively,  and  are  Sed 
with  ammonium  iodide,  NH4I. 

110.  From  the  appearance  of  these  formulae  we  should 
expect  that  the  substances  would  resemble.ammonium  salts 
and  be  decomposed  by  caustic  potash  solution.  It  is  found 
that  caustic  potash  does  decompose  the  first  three,  forming 
potassiim  iodide,  and  liberating  gases  which  resemble 
ammonia  m  properties  and  maybe  considered  as  ammonia 
m  which  hydrogen  atoms  are  replaced  by  the  radicle 
ethyl,  buch  bodies  are  caUed  amines,  and  these  are  etlwl- 
amines,  their  salts  being  caUed  ethyl-ammonium  salts. 
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Thus  the  first  of  tlie  above  bodies,  NH3(C2H5)I  i8_  called 
etbylammoniixm  iodide,  and  yields  under  tbe  action  of 
potash,  etbylamine,  NHsOsHr,.  The  second,  NHsCCsHrOjI,  is 
called  diethylamnioninm  iodide  and  yields  NH(02Hs).. 
diethylamine.  The  third,  NH(C2H5)3l  is  triethyl- 
ammonium  iodide  and  yields  triethylamine  N(02H5)3.  The 
fourth,  which  is  not  decomposed  by  potash,  is  N(C2H5)4l, 
tetraethylammonium  iodide. 

111.  The  formation  of  these  bodies  is  very  interesting, 
and  takes  place  in  stages,  combination  preceding  decom- 
position. To  take  the  first  case,  some  ammonia  probably 
combines  directly  with  the  ethyl  iodide  to  form  ethyl- 
ammonium  iodide,  this  is  acted  upon  by  the  excess  of 
ammonia  with  the  formation  of  ammonium  iodide  and 
ethylariiine  ;  the  same  changes  take  place  with  the  ethyl- 
amine  and  diethylamine  produced,  and  so  on.  Equations 
may  be  conveniently  used  to  represent  these  changes  : 

( NHs  +  O2H5I         =  NH3CC2S.,)I 

( NH3(C2H5)I  +  NH3  =  NH  J  +  m,G,-R, 

(NH,C,H,  +  C2H5l  =NH2(C2H.02l 

i  NHsCCsHs)^!  +NH3=  NH4I  -f  NH(C2H.)2. 

112.  Two  other  important  methods  are  available  for 
preparing  amines. 

(2)  By  the  action  of  nascent  hydi-ogen  on  a  mtro  com- 
pound of  a  hydrocarbon,  when  two  hydrogen  atoms  are 
substituted  for  two  oxygen  atoms,  a  rather  unusual  exchange, 
though  not  quite  unexpected,  since  two  atoms  of  hydrogen 
can  combine  with  two  atoms  of  oxygen  to  form  hydrogen 
peroxide,  H3O3.  To  take  the  case  of  ethylamme,  ethyl 
iodide  is  digested  with  silver  nitrite  and  nitro  ethane  is 
formed.    Using  an  equation : 

C2H  J  +  AgNOa  =  C2H5NO2  +  Agl 
By  the  action  of  nascent  hydi-ogen  (ii-on  and  acetic  acid 
may  be  used)  this  is  reduced  to  ethylamme,  OsHs^iHs.  _ 

(3)  The  thii-d  method  has  been  already  mentioned,  viz., 
the  action  of  nascent  hydrogen  on  a  cyanide  or  nitrUe.  In 
this  case,  the  carbon  atom  of  the  cyanide  forms  part  oi  the 
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hydrocarbon  radicle  after  reduction,  so  the  ethylamine  is 
made  by  the  reduction  of  methyl  cyanide,  thus  : 
OH3CN  +  2B.,=  CH3OH2NH3 
It  will  be  noted  that  the  last  two  methods  only  give  us 
one  amine  at  a  time,  so  they  can  be  readily  identified.  All 
these  reactions,  too,  seem  to  point  to  a  close  connection  be- 
tween the  classes  of  nitrogen  derivatives  of  organic  bodies. 

113.  The  ethylamines  are  liquids  with  a  fishy  smeU  of 
ammonia.  They  combine  with  acids  to  form  salts,  and 
their  chlorides  are  like  ammonium  chloride  in  combining 
with  platinic  chloride  to  form  platino-chlorides,  e.ff. 
(NHsO^HfO^PtCle,  from  ethylamine,  NH^CsHa.  These  salts 
are  used  to  determine  the  molecular  weights  of  the  amines. 

The  salts  are  saponified  by  caustic  potash^  except 
tetraethlyammonium  iodide,  N(C2H5)J,  which  how- 
ever yields  a  fi'ee  base  tetraethylammonium  hydroxide 
N(C2H5)40II  by  the  action  of  moist  silver  hydroxide. 

Just  as  ammonia  is  oxidised  by  nitrous  acid  to  water 
and  free  nitrogen,  so  the  amines  are  oxidised  by  nitrous 
acid  to  alcohols  and  free  nitrogen.  Thus  ethylamine 
yields  ethyl  alcohol  when  heated  with  nitrous  acid. 

NH,(0,H5)  +  HNO2  =  O2H5OH  +  Na 
Comj)are 

NH3         +HN02=HOH  +  N3  +  H,0 

=  N3  +  2HaO 

A  very  characteristic  reaction  of  many  amines  is  the  pro- 
duction of  an  isonitrile  smell  on  heating  with  chloroform 
and  caustic  potash,  see  Exp.  18. 

114.  When  we  attempt  to  substitute  the  phenyl  group, 
CgHs— ,  for  hydrogen  in  ammonia  by  heating  monochlor- 
ben2;ene,  CoHsCl,  with  alcoholic  ammonia,  no  action  takes 
place. 

The  second  method  answers  better,  and  on  treatino- 
nitro-benzene,  C0H5NO2,  with  nascent  hydrogen,  two 
oxygen  atoms  are  substituted  by  two  hydrogen  atoms  and 
a  phenylamine,  CeHsNH,,  is  prepared.  This  phenylamino 
IS  identical  with  a  body  found  in  smaU  quantity  in  coal 
tar  and  the  decomposition  products  of  indigo,  and  separated 
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from  them  by  distillation.  It  is  generally  called  aniline 
from  this  indigo  body. 

Exp.  53. — Into  a  half  litre  flask  put  about  50  grammes 
of  granulated  tin  and  cover  it  with  strong  hydro- 
chloric acid.  Pour  into  the  flask  a  few  c.c.  of  nitro- 
benzene, and  shake  it  up  frequently  untU  the  nitro- 
benzene dissolves.  "When  all  is  dissolved  add  an 
excess  of  caustic  soda,  fit  the  flask  with  a  condenser 
and  a  tube  passing  to  the  bottom  of  the  flask 
through  which  steam  is  blown  from  a  tin  can. 
The  distillate  separates  into  two  layers,  a  heavy 
yeUow  liquid  at  the  bottom,  and  a  milky  layer  above. 
Separate  the  two  layers  and  examine  the  heavy 
liquid,  which  is  aniline. 


Fig.  12. 


Aniline  is  a  colourless  liquid  of  specific  gravity,  l-03_8, 
when  pure ;  it  rapidly  turns  brown  on  exposui"0  to  the  air. 
It  has  a  characteristic  smell,  and  is  slightly  soluble  m 
water,  1  in  33.  It  has  no  action  on  litmus,  but  combines 
with  acids  except  carbonic  to  form  salts.    Aniline  is  a 
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■weaker  base  than  ammonia  in.  tlie  cold,  but  it  displaces  the 
latter  at  Ligli  temperatures,  owing  to  its  higher  boiling 
point.  It  foims  a  platino-chloride,  and  it  reacts  with 
sulphuric  acid  and  nitric  acid  in  the  same  way  as  benzene, 
viz.  when  heated  with  sulphuric  acid  it  forms  aniline 
sulphonic  acid  and  when  mixed  with  nitric  and  sulphuric 
acids  it  forms  a  nitro  body,  nitraniline. 

115.  The  reactions  of  aniline  with  nitrous  acid  are 
most  characteristic  and  important.  Thus,  when  heated 
with  nitrous  acid  and  water  it  forms  phenol  as  ethylamine 
forms  alcohol. 

CoHsNHa  +  HNO2  =  CeHjOH  +  N2  +  H3O 

If,  however,  an  alcoholic  solution  of  aniline  is  treated 
with  nitrous  acid  the  alcohol  is  oxidised  to  aldehyde  and 
the  aniline  reduced  to  benzene. 

C6H5NH2  +  HNO3  +  CaHfiO  =  CeHe  +  Na  +  2  H3O  + 

We  find  that  a  complete  explanation  of  these  reactions 
can  be  given,  when  we  discover  that  there  is  an  inter- 
mediate nitrogen  base  formed,  called  diazo  benzene  hydroxide, 
thus : 


The  characteristic  tests  for  aniline  are  (i)  the  isonitrile 
smell  when  heated  with  chloroform  and  caustic  potash, 
and  (ii)  the  production  of  a  mauve  colour  by  the  action  of 
bleaching  powder  solution. 

116.  Starting  with  the  mode  of  formation  of  the  ethyl- 
amines  fi-om  ammonia  by  the  action  of  ethyl  salts,  we 
have  considered  the  amines  as  derived  from  ammonia  by 
the  substitution  of  an  organic  radicle  for  hydrogen,  thus : 
H 

N:H  + 1:  C3H5  -  HI  =  NH2  .  C.H5 

H ' 

Hydrocyanic  acid  may  consequently  be  considered  as  a 
special  case  in  which  the  group  (=CH)  replaces  three 
atoms  of  hydrogen  of  ammonia. 

But  it  is  also  possible  to  look  at  the  amines  as  deri- 
vatives of  the  alcohols  in  which  the  groiip  (— NH^),  the 
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amido  group,  replaces  hydroxyl,  with  the  formation  of 
water,  thus  : 

Looked  at  fi-om  this  point  of  view  we  should  expect  the 
other  hydroxyl  derivatives  of  the  hydi'ocarbons,  viz.,  the 
aldehydes  and  acids,  to  combiae  with  ammonia  and  split 
off  water.  We  find  that  this  is  the  case,  the  aldehydes 
forming  the  compounds  aldehyde  ammonias,  and  the  acids 
ammonium  salts,  and  amides,  thus : 

CH^CHiOH  +  Hj^  -  CH3CH(OH)NH2 

OTT  aldehyde  ammonia 

CH3COI  OH  +  H  jNHa  -  H2O  =  CH3CONH2 

acid  amide 

Aldehyde  ammonia  need  not  be  fui'ther  considered,  so  that 
there  only  remains  the  last  class,  the  acid  amides. 

117.  To  take  the  simple  case  of  acetic  acid,  ammonia 
readily  reacts  with  acetyl  chloride,  CII3COCI,  to  form 
acetamide,  CH3CONH2,  in  which  the  amido  group  may  be 
looked  upon  as  taking  the  place  of  a  chlorine  atom  in  the 
chloride,  or  the  acid  group  acetyl  (CII3CO— )  as  taking 
the  place  of  a  hydi-ogen  atom  in  ammonia. 

Exp.  54. — Distil  some  ammonium  acetate  in  a  small 
retort  (Fig.  H).  After  a  time  a  solid  condenses  in 
the  neck  of  the  retort,  with  a  smell  of  mice.  This 
is  acetamide. 

By  heating  ammonium  acetate  it  splits  off  water,  and 
finally  forms  acetamide,  which  can  be  fm-ther  dehydi-ated  by 
phosphorus  pentoxide  to  form  methyl  cyanide  (aceto-nitrUe), 
thus :         (  CH3COONH4  =  CH3CONH2  +  H2O 

(OH3CONH2    =CH3CN  +  H20 
The  acid  amides  are  converted  back  agara  into  ammonium 
salts,  just  like  the  cyanides. 

118.  The  most  important  amide  fi'om  the  physiological 
point  of  view  is  probably  urea. 

When  urine  is  evaporated  down,  long  rhombic  prisms 
separate  out,  called  urea,  which  are  soluble  in  alcohol,  but 
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not  in  etlior.  Tlie  crystals  melt  at  132°  and  sublime  in 
vacuo.  Wiien  analysed  they  are  found  to  be  represented 
by  tbe  formula  CON2H4,  or  possibly  some  multiple  of  that. 

Wlien  urea  is  heated  it  gives  off  ammonia.  [It  forms 
several  compounds  m  succession,  biuret,  cyanuric  acid,  and 
cyanic  acid.] 

Alkalies  decompose  urea,  forming  a  carbonate  of  the 
alkali,  and  setting  free  ammonia. 

119.  Hence  since  urea  splits  up  into  carbon  dioxide  and 
ammonia  it  is  possibly  connected  directly  with.  them. 

Exp.  55. — Fill  a  jar  with  ammonia  gas  and  another 
with  carbon  dioxide,  and  place  them  mouth  to 
mouth.    They  combine  forming  a  white  solid. 

The  white  solid  formed  by  the  direct  combination  of 
ammonia  and  carbon  dioxide  is  not  ammonium  carbonate 
though  it  is  readily  converted  into  that  salt  by  the  action 
of  water.  It  may  be  represented  by  the  formula 
CO2,  2NH3.  It  has  been  proved  that  the  two  nitrogen 
atoms  are  not  situated  similarly  in  the  molecule,  so  that 
the  formula  must  be  written  as  that  of  an  ammonium  salt 
ammonium  carbamate.  ' 

CO 

Phosphorus  pentoxide  dehydrates  tHs  salt,  forming  urea 
which  may  thus  be :  o  j 

^<ONH,    or  CO 

The  first  formula  represents  it  as  ammonium  cyanate  the 
second  as  the  amide  of  carbonic  acid,  carbamide.  ' 

[Urea  may  be  also  prepared  by  the  action  of  phosphorus 
carbonate]''''  ^  temperature   of  135°,  on  ammonium 

120.  Ammonium  cyanate  is  readily  made  bv  imssine- 
ammonia  and  cyanic  acid  into  dry  ether,  and  it  is  Lt  the 
same  as  urea,  however,  on  being  warmed,  it  suffers  an 
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isomeric  transformation,  and  is  converted  into  urea. 
Tliis  cliange  was  first  observed  by  Wohler  in  1828,  and  it 
marks  the  first  synthesis  of  an  organic  compound  from 
inorganic  substances. 

We  can  confirm  tlie  carbamide  formula  wbicli  is  left 
over  for  urea  by  the  reaction  of  carbonyl  dicbloride, 
COOI2,  with  ammonia,  which  gives  rise  to  urea. 

COOl,  +  4  NH3  =  C0(NH2),  +  2  NH4CI 

121  Urea  combines  directly  with  acids  to  form  salts,  of 
which  the  most  characteristic  are  the  nitrate  and  the 
oxalate.  It  is  decomposed  by  nitrous  acid  with  the  for- 
mation of  carbon  dioxide,  nitrogen  and  water.  Hjqpo- 
chlorites  and  hypobromites  also  oxidise  urea  with 
formation  of  the  same  products ;  in  these  reactions  the 
volume  of  nitrogen  given  ofi  bears  a  nearly  constant 
relation  to  the  amount  of  urea  taken,  so  that  it  is  used  for 
the  quantitative  estimation  of  urea. 

Mercuric  nitrate  forms  a  white  precipitate  with  \irea, 
which  is  approximately  constant  in  composition,  and  is 
represented  by  2  C0(NH2),,  Hg(N03)2,  3  HgO.  The  pre- 
cipitate removes  all  the  urea  fi'om  a  solution,  and  so  is  used 
in  the  estimation  of  urea  by  Liebig's  volimietrie  method. 

With  the  amines  and  amides  we  reach  the  simplest  of 
the  decomj)Osition  products  of  protoplasm,  and  just  touch 
the  fringe  of  that  most  important  part  of  our  subject, 
which  must  be  left  to  future  work,  viz.,  the  chemistiy  of 
protoplasm  and  its  products. 
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Stewaep,  D.Sc.  Lend.    Third  Edition.    3s.  6d. 
"The  style  of  the  book  is  simple,  the  matter  well  arranged,  and  the  underlying 
principles  of  the  subjects  treated  of  accurately  and  concisely  set  forth."— 
Educational  lleview. 

Magnetism  and  Electricity,  Text-Book  of  [Vol.  IF.  of  the  Tutorial 
Physics).  By  11.  W.  Stewaet,  D.Sc.  Lend.  Fourth  Edition. 
3s.  6d. 

Science  Examination  Papers  :  the  Questions  set  at  Inter.  Sc.  and 
Prel.  Sci.  Exams,  for  about  Fifteen  Years.  Three  Vols., 
Chemistey,  Biology,  Physics,  each  2s.  6d. 

An  Introduction  to  the  Carbon  Compounds.  A  Text-Boot  for  London 
Inter.  Science  and  Prel.  Scientific  Examinations.  By  R.  H. 
Adie,  M.A.,  B.Sc.  2s.  6d. 

Sound,  Text-Book  of  [Vol.  I.  of  the  Tutorial  Physics).  By  E. 
CatchI'OOL,  B.Sc.  Lond.    Third  Edition.     3s.  6d. 

Zoology,  Text-Book  of.    By  H.  G.  Wells,  B.Sc.    Enlarged  and 

revised  by  A.  M.  Davies,  B.Sc.    6s.  6d. 

"  This  book  is  a  distinct  success,  and  should  become  the  stand.ird  work  for  the 
Loudon  lutonnediate  Examinations.  It  is  carefully  written  tliroughout,  clear  .and 
concise,  and  yet  is  extremely  interesting  reading."— f?/<i.fi70ic  Jlcrald.  , 
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TEE  UNIVEliSITY  TUTOIilAL  SERIES. 


^be  'XniuversU^  ZTutodal  Seines. 


General  Editor :  Wm.  Beiggs,  LL.D.,  M.A.,  F.C.S.,  F.E.A.S. 

Classical  Editor  :  B.  J.  Hates,  M.A. 


The  object  of  the  University  Tutoeiax  Series  is  to  provide 
candidates  for  examinations  and  learners  generally  with  text-books 
which  shall  convey  ia  the  simplest  form  sound  instruction  in  accord- 
ance with  the  latest  results  of  scholarship  and  scientific  research. 
Important  points  are  fully  and  clearly  treated,  and  care  has  been 
taken  not  to  introduce  details  which  are  likely  to  pei-plex  the  be- 
ginner. 

The  Publisher  wiU  be  happy  to  eatertain  applications  from  School- 
masters for  specimen  copies  of  any  of  the  books  mentioned  in  this 
List. 


SOME   PRESS  OPINIONS. 

"  This  series  is  successful  iu  hitting  its  mark  and  supplying  much  help  to  students 
in  places  where  a  guiding  hand  is  sorely  needed."-/oi«-«ai  of  Edtication. 

"  Many  editors  of  more  pretentious  books  might  study  the  methods  of  the  'Xlni- 
versity  Tutorial  Series'  with  profit."— Giiardiaw. 

"  Such  text  hooks  are  immeasurably  superior  to  the  heavy  tomes,  over-burdened 
with  extraneous  matter,  with  which  boys  of  a  previous  generation  were  familiar. 
— School  Guardian. 

"  This  series  has  won  a  high  reputation  for  the  practical  and  scientific  manuals 
it  provides  for  students."— PrarficaZ  Teacher. 

"The  '  University  Tutorial  Series'  is  favourably  known  for  its  practical  and 
workmanlike  mathods."— Public  Schools  Year  Book. 

"The  series  is  eminently  successful."— Si'ccio'o''. 

"The  classical  texts  in  this  series  are  edited  by  men  who  are  thoroughly  masters 
of  their  anxit."— Saturday  Review. 
"This  series  of  educational  works  has  been  brought  to  ahigh  level  of  efficiency."- 

Educational  Times. 

"  The  more  we  see  of  these  excellent  manuals  the  more  highly  do  we  think  of 
them." — Schoolmaster. 

"  This  useful  series  of  text-books."— 

"Any  books  published  iu  this  series  are  admirably  adapted  for  the  needs  of  the 
large  class  of  students  for  whom  they  are  intended."  -Cambridge  lie,  ,e,v. 

"Clearness  in  statement  and  orderliness  'arrangement  characterise  ^e 
publications  of  the  University  Correspondence  College  Press."-Ox/ord  Mafanne. 
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fll>atbeniatic3  riDecbainc^. 

Algebra,  The  New  JUatriculation.  Adapted  to  the  London  Matricu- 
lation Syllabus,  and  containing  a  Supplement  on  Graphs.  By 
Kupekt"  Deakin,  M.A.,  Headmaster  of  Stourbridge  Grammar 
School.    (With  or  without  Answers.)    33.  6d. 

Algebra  and  Geometry,  Matriculation  Advanced.  Edited  by  Wm. 
Beiggs,  LL.D.,  M.A.    4s.  6d. 

Algebra,  The  Tutorial,     ADVANCED  CouESE.     By  War.  Bmggs, 

LL.D.,  M.A.,  and  G.  TI.  Beyan,  Sc.D.,  F.R.S.    6s.  6d. 
"All  the  theorems  usually  .Tssociated  with  advanced  algebra,  are  hero  given,  with 
proofs  of  remarkable  force  and  clearness." — Schoolmaster. 

Algebra,  A  Middle.  By  Wm.  Betggs,  LL.D.,  M.A.,  F.R.A.S., 
and  G.  H.  Brta.\,  Sc.D.,  M.A.,  1- .U.S.    3s.  Gd. 

Arithmetic,  The  Tutorial.  By  W.  P.  Workm.4N,  M.A.,  B.Sc,  Head- 
master of  Kingswood  School.  (With  or  without  Answers.)  4s.  6d. 
"A  di.stinct  advance  on  most  existing  text-books." — I'ractical  Teacher. 

Arithmetic.  The  School.    By  W.  P.  Workman,  M.A.,  B.Sc.  (With 
or  without  Answers.)    3s.  6d. 
"The  book  is  of  a  very  high  order  of  merit  and  provides  a  thoroueh  course  in 
arithmetic."— Sc/tooi  World. 

Arithmetic.  The  Junior.  Adapted  from  the  Tutorial  Arithmetic  by 
R.  H.  Chope,  B.A,    (With  or  without  Answers.)    2s.  6d. 

"  Excellent." — i'ducatioiial  Times. 

Arithmetic,  Olive's  Shilling.  [j„  preparation. 

Astronomy,  Elementary  Mathematical.  By  C.  W.  0.  Baelow,  M.A. 

Lond.  and  Camb.,  B.Sc.  Lond.,  and  G.  H.  Bryan,  Sc.D.'  m!a.' 

F.R.S.    Second  Edition,  with.  Ansy^era.    6s.  6d.  '  ' 

"  A  good  introduction  to  Mathematical  Astroaomj."— Guardian. 

Book-keeping,  Practical  lessons  in.    Adapted  to  the  requirements  of 

the  Society  of  Arts,  London  Chamber  of  Commerce,  Oxford  and 

Cambridge  Locals,  etc.    By  T.  C.  JACKSON,  B.A.,  LL  B    3s  6d 

wT!?^:?.^'!''"^  purposes  containing  as  it  does  a  considerable  numl 

ber  of  useful  examples  and  decidedly  lucid  descriptions."— TAe  Accountant. 

Book-keeping,  Junior  (or  The  Preceptors').    By  T   C  JAnrsnw 
B.A.,  LL.B.    Is.  6d.  t       )        y  X.  JACKSON, 

The  Right  Line  and  Circle   (Coordinate  Geometry)        By  Dh 

Beiggs,  and  De.  Bryan.    Third  Edition.    3s  6d 

"  Iti.s  thoroughly  soundthroushout,and  indeed  deals  with  some  difficult  Dointg 
with  a  clearness  and  accuracy  that  has  not,  we  believe,  been  surpassed.  "-IKiS,,. 

Coordinate  Geometry  (The  Conic).    By  J.  H.  Grace,  M.A.,  Fellow 
oi  St.  1  cter  s  Col  ege,  Cambridge,  and  F.  ROSENBKKG,  M.A 
Camb.,  B.Sc.  Lond.    3s.  6d. 
'I'^f  chapters  on  sy.stems  of  conies,  envelopes,  and  harmouio  section  ars  n. 
valuable  addition  to  scholarship  students."— Cj/ffcrfm/i,  section  area 
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Dynamics,  The  Tutorial.    By  Wm.  Briggs,  LL.D.,  M.A.,  F.C.S., 

F.E.A.S.,  and  G.  H.  Brtait,  Sc.D.,  M.A.,  F.R.S.  Second 
Edition,  Revised  and  Enlarged.    38.  6d. 
"In  every  way  most  suitable  for  the  use  of  beginners,  the  initial  difficulties 
being  fully  explained  and  abundantly  illustrated."— /otwH a i  of  Education. 

Euclid.— Books  I.,  II.    By  EuPEET  Deakin,  M.A.  Lend,  and  Oxon., 

Headmaster  of  Stourbridge  Grammar  School.    "With  Problems  in 

Practical  Geometry  and  an  Introductory  Chapter  on  Drawing  and 

Measurement.  Is. 
Euclid.— Books  I. -IV.    By  Rupert  Deaktn,  M.A.    With  Problems 

in  Practical  Geometry  and  an  Introductory  Chapter  on  Drawing 

and  I>Ieasurement.    2s.  6d. 
"  The  propositions  are  well  set  out,  and  useful  notes  are  added.   The  figures  and 
letterpress  are  both  weU  printed."— CawiJj-irfjje  Revieto. 

Euclid.— Books  V.,  VI.,  and  XI.    By  RUPERT  Deakin,  M.A.  Is.  6d. 

Euclid,  Deductions  in:  Being  tyi^ical  Deductions  on  Books  I.-IV., 
with  Pull  Solutions.  By  T.  W.  Edmonbson,  B.A.,  Ph.D.  2s.  6d. 

Hydrostatics,  The  Matriculation.    By  Wir.  Briggs,  LL.D.,  M.A., 

and  G.  H.  Bryan,  Sc.D.,  F.R.S.  2s. 
"An  excellent  text-book."— /oiM-Jia?  of  Education. 

Mechanics,  The  Matriculation,    By  the  same  authors.    3s.  6d. 

"  It  is  a  good  book— clear,  concise,  and  accurate."- /oi/rna/  of  Edtwation. 

"  AfEords  beginners  a  thorough  grounding  in  dynamics  and  statics."— Ejiotoledge. 

Mechanics,  Junior  (or  The  Preceptors').  By  F.  Rosenberg,  M.A., 
B.Sc.   2s.  6d. 

"The  book  possesses  all  the  usual  characteristics  and  good  qualities  of  its 
fellows." — iSch  oolmaster. 

Mensuration  of  the  Simpler  Figures.  By  Wm.  Briggs,  LL.D., 
M.A.,  P.C.S.,  P.R.A.S.,  and  T.  W.  Edmondson,  B.A.  Camb. 
and  Lond.    Third  Edition.    2s.  6d. 

Mensuration  and  Spherical  Geometry:  Being  Mensuration  of  the 
Simpler  Figui-es  and  the  Geometrical  Properties  of  the  Sphere. 
Specially  intended  for  London  Inter.  Ai-ts  and  Science.  By 
the  same  authors.    Third  Edition.    3s.  6d.  .    ^  ^ 

"The  book  comes  from  the  hands  of  experts;  we  can  think  of  nothing  better 

qualilied  to  enable  the  student  to  master  this  braiich  of  the  syllabus,  and  to 

promote  a  correct  style  in  his  mathematical  manipulations."— 5cAoo/mai/er. 

Navigation,  Modern.    By  William  Hall,  B.A.,  R.N.    6s.  6d. 
Statics,  The  Tutorial.    By  Wm.  Briggs,  LL.D.,  M.A.,  F.R.A.S., 
and  G.  H.  Bryan,  Sc.D.,  F.R.S.    Third  Edition,  Revised  and 

"Tlfs'isTwelcome  addition  to  our  text-books  on  Statics.    The  treatment  is 
Bound,  clear,  and  interesting." -/ourMa?  of  Education. 
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/IDatbeinatfcs  m\X>  CSizc\m\\C5- continued. 

Trigonometry,  Junior  (or  The  Preceptors').  By  Wm  Bhiggs 
LL.D.,  BI.A.,  F.C.S.,  and  G.  H.  Beyan,  Sc.'D.,  M.A.,  F.E.s'. 
2s.  6d. 

"The  book  meets  exceUently  the  wants  of  the  student  readms  for  the  Collese  of 
"amina  ion.     The  explanations  are  clear,  and  the  illustrative 
examples  well  selected. "—ffK«rdirt«. 

Trigonometry,   The  Tutorial.    By  Wir.   Beiggs,  LL  D  MA 
F.R.A.S.,  and  G.  H.  Bhyan,  Sc.D.,  M.A.,  F.R.S.    3s  6d  ' 

An  excellent  test-book."— i'c/ioo^  Guardian. 
"  The  book  is  very  thoroush."— Schoolmaster. 

Analysis  of  a  Simple  Salt.    With  a  Selection  of  Model  Analyses 
By  WH  BiUGGS,  LL.D    M.A.,  F.C.S.,  and  E.  VV  S^wi^ 
D.bc.  l^ond.    Fourth  EdiUon.    Is.  6d.   Tables  of  Analysis 
(on  linen).  6d. 

"The  selection  of  model  analyses  is  an  exceUent  t^a.tm:6." -mucational  Time, 
Chemistry  The  Tutorial.    By  G.  H.  Bailey,  D.Sc.  Lond.,  PhD 
Heide  berg  Lecturer  m  Chemistry  in  the  Victoria  Un  yersity 
Edited  by  Wm.  Beiggs,  LL.D.,  M  A   F  C  S  ^veiBiuy. 
PartL    Non-Metals.   3s.  6d.    Part  IL  '  Metals.   3s.  6d 

with'^trsfneti^xisrh^TL^^^^^^^^^^ 

satisfactorily.''-(7«,„i,-,-<ii7eijS  ^  *°  ^°        experimental  work  quite 

Pka^^a^^Aturnaf}'^  °"  ^"""^  ^  «^-Sed  are  undoubted."- 

r  'S'r7-  Z*^^-*  I-  (r*'^--.-  The  Tutorial 

Chemistry  of  Daily  Life).    By  r!  H.  A^ie,  ll.A    B  Sc  2] 
Carb^n^Compounds,  An  Introduction  to.    By  E.  H.'  Adie,  M^A., 

"Tt£s.n?t?.  ^"iG"Gr£.D!^^s  r  2'-'-} 

Revised  Edition,  Interleaved.    Is  6d  '  "'"^ 

Arranged  in  a  very  clear  and  handy  torm." -Journal  0/ Education 
Chemical  Analysis,    Qualitative    and    Q.n.H.o.,-.„  J3 

^-^c.  Lend! 
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THE  TUTORIAL  PHYSICS.  By  R.  WALLACE  STEWART,  D.Sc.  Lond., 

First  in  First  Class  Honours  in  Physics  at  B.Sc,  and  E.  CATCn- 
POOL,  B.Sc.  Lend.,  qualified  for  the  University  Scholarship  in 
Physics.    In  Four  Volumes. 

I.  Sound,  Text-Book  of.  By  £.  Catchpool,  B.Sc.  Itth  Edilion.  3s.6d. 

Contents  : — Vibratory  Motion — Progressive  Undulation — A^'elocity 
of  Sound — Interference — Forced  Vibration— Fourier's  Theorem — The 
Ear  and  Hearing — Eottection  of  Sound— Stationary  Undulation — 
Vibration  in  Pipes — Transverse  Undulation — Acoustic  Measurements. 

II.  Heat,  Higher  Text-Book  of.  By  E.  W.  Stewart,  D.Sc.  6s.  6d. 

Contents  : — Thermometry — E.-tpansion  of  Solids — of  Liquids — 
of  Gases— Calorimetry — Liquefaction  and  Solidification — Vaporisation 
and  Condensation — Hygrometry — Conduction,  Convection,  Radiation 
— The  First  Law  of  Thermo-Dynamics — Graphic  Methods. 

III.  Light,  Text-Book  of.    By  E.  W.  Stewart,  D.Sc.  Third 

Edition.    3s.  6d. 

Contents: — Rectilinear  Propagation  of  Light— Shadows — Photo- 
metry— Reflexion  at  Plane  Surfaces— at  Spherical  Surf  aces— Refi'action 
at  Plane  and  Spherical  Surfaces— Refraction  through  Prisms  and 
Lenses— Dispersion — Velocity  of  Light— Optical  Instruments. 

IV.  Magnetism  and  Electricity,  Text-Book  of.  By  R.  W.  Stewart, 

D.Sc.    Fifth  Edition.    3s.  Cd. 

Contents  :—Electrification— Induction— Electrical  Machines— Po- 
tential and  Capacity.  Magnetic  Phenomena— Blagnetic  Measure- 
ments. Currents— Magnetic  Effects— Ohm's  Law— Chemical  Effects 
—Heating  Effects— Magneto-Electric  Induction— Thermo-Electricity. 

"  There  are  numerous  books  on  acoustics,  but  few  cover  exactly  the  same  ground 
as  this  {Sound),  or  are  more  suitable  introductions  to  a  study  of  the  subject."— 

Nature.  ,      ,      ,  u      i   j.  a 

"Clear,  concise,  well  arranged,  and  weU  illustrated,  and,  as  far  as  we  have  tested, 
accurate." — Journal  of  JEducation  {on  Heat). 

Magnetism  and  Electricity,  Higher  Text-Book  of.     By  R.  W. 

Stewart,  D.Sc.    6s.  6d.  thepress. 

Matriculation  Physics:    Heat,  Light,  and  Sound.    By  R.  W. 
Stewart,  D.Sc.  Lond.,  and  John  Don,  M.A.,  B.Sc.  Lond. 

4s.  6d.  ,  , 

"  A  student  of  ordinary  ability  who  works  carefully  through  this  hook  need  not 
fear  the  examination."— -Sc/iooimns^fr.  ,  ,  ,  ,  „  pj.,,., 

"  The  authors  show  themselves  able  to  explain  in  a  helpful  manner.  — ii-ruca- 

tional  Times. 

HEAT  AND  LIGHT,  ELEMENTARY  TEXT-BOOK  OF.    By  E.  W. 

Stewart,  D.Sc.  Lond.    Third  Edition.    3s.  6d. 
"  A  welcome  addition  to  u  useful  series."— 50/100;  Guardian. 

Heat,  Elementary  Text-Book  of,  By  R.  W.  Stewart,  D.Sc.  Lond.  28.  • 
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Botany,  The  New  Matriculation.  By  A.  J.  Ewaet,  D.Sc.  33.  6d. 
Botany,  Text-Book  of.    By  J.  M   LowsoN,  M.A.,  B.Sc,  F.L.S. 

Third  Edition.    6s.  6d. 
"  It  represents  the  nearest  approach  to  the  ideal  botanical  text-book  that  has  yet 
een  produced." — Fhnrniaceuticnl  Journal. 
"An  excellent  book." — Guardian. 

"A  workmanlike  and  well  graded  introduction  to  the  subject." — Scotsman. 
Zoology.  Text-Book  of.    By  H.  G.  Wells,  B.Sc.  Lond.,  F.Z.S.. 

F.C.r.  EnlargedandEe-^dsedbyA.M.DAVlES,  B.Sc.  Loud.  6s.6d. 

"  The  information  appears  to  be  well  up  to  date.  Students  will  find  this  work 
of  the  greatest  service  to  them." — Westminster  Review. 

"This  book  is  a  distinct  success,  and  should  become  the  standard  work  for  the 
London  Intennediate  Examinations.  It  is  carefully  written  throuprhout,  clear  and 
concise,  aijd  yet  is  extremely  interesting  reading."— G7((ii/oi«  Herald. 

Biology,  Text-Book  of.  With  Plates  and  numerous  Questions.  By 
H.  G.  Wells,  B.Sc.  Lond.,  F.Z.S.,  F.C.P.,  with  an  Intro- 
duction by  G.  B.  Howes,  F.L.S.,  F.Z.S.    In  Two  Parts. 

Part  I.,  Vertebrates.    Third  Edition.    2s.  6d. 

Part  IL,  Invertebrates  and  Plants.    2s.  6d. 

"It  is  well  arranged,  and  contains  the  matter  necessary  in  a  concise  and  logioa 
orie^."  —Journal  of  Education. 

" Mr.  Wells' practical  experience  shows  itself  on  every  page;  his  descriptions 
are  short,  lucid  and  to  the  •^oiai."— Educational  Times. 

fIDobem  1l3i6tor^. 

Matriculation  Modern  History.  Being  the  History  of  England 
1485-1901,  with  .some  reference  to  the  Contemjaorary  History  of 
Europe  and  Colonial  Developments.  By  0.  S.  FE.iRENSlDK, 
M.A.  Oxon.    3s.  6d. 

"  An  excellent  manual.  The  international  history,  especially  in  the  eighteenth 
century,  where  most  text-books  fail,  is  very  carefully  treated."— ScAooi  iror/d. 

"  A  work  that  gives  evidence  of  scholarship  and  clever  adaptability  to  a  special 
purpose,  and  on  the  production  of  which  much  care,  forethought,  and  patient  labour 
have  evidently  been  expended." — Guardian. 

"An  admirable  text-book." — Chamber  of  Commerce  Journal. 

The  Tutorial  History  of  England.    (To  1901).    By  0.  S.  FEAKEiSf- 

SIDE,  M.A.  Oxon.    4s.  6d. 
"  Provides  a  good  working  course  for  schools." — Guardian. 

The  Intermediate  Text-Book  of  English  History:  a  Longer  History 
of  England.      By  C.  S.  Feakenside,  M.A.  Oxon.,  and  A 
Johnson  Evans,  M.A.  Camb.,  B.A.  Lond.  With  Maps  &  Plans. 
Vol.  I.,  to  1485  {In  preparation.)   VoL.  III.,  1603  to  1714.    4s  6d 
Vol.  TL,  1485  to  1603.    4s.  6d.      Vol.  IV.,  1714  to  1837.  4s.  Gd". 
"  It  is  lively ;  it  is  exact ;  the  style  is  vigorous  and  has  plentv  of  swing  ;  Hie  faota 
are  numerous,  but  well  balanced  and  admirably  arranged."  — '/','r/Hr;n(io;i. 

"  It  is  written  in  a  clear  and  vigorous  style.  The  facts  are  admirably  marshalled." 
—  W estminster  Review. 
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jBuoIuM)  Xanouaoe  anb  Xtterature. 

Matriculation  English  Course.    By  W.  H.  Low,  M.A.  Lond.,  and 

JonN  BErGGS,  M.A.  Camh.,  F.Z.S.    3s.  6d. 

Contents  : — Historical  Sketch— Sounds  and  Symbols— Outlines  of 
Accidence  and  Syntax — Common  Errors — Analysis — Parsing — The 
Word,  the  Sentence,  the  Paragraph— Punctuation — Rules  for  Com- 
position— Simple  Narrative- Com]30\ind Narrative — Descriptive  Com- 
position— The  Abstract  Theme— The  Essay — Paraphrasing — Precis- 
Writing — Letter-Writing  and  Proof-Reading — Index, 

"  The  matter  is  clearly  arranged,  concisely  and  intelligently  put,  and  marked  by 
accurate  scbolar.9hip  and  common  sense." — Guardian. 
"  The  book  will  prove  distinctly  useful." — School  World. 

"  The  chapters  on  precis  writing  and  indexing  are  excellent."—  Westminster 

Tteview. 

"  Candidates  may  take  this  book  as  a  trustworthy  Schoolmaster. 
"The  chapter  on  precis-writing  is  unusually  good." — Educational  Kews. 
"We  can  heartily  recommend  this  book.   Particularly  good  is  the  chapter  on 
precis-writing." — Practical  Teacher. 

Precis -Writing,  Text-Book  of.    By  T.  C.  Jackson,  B.A.,  LL.B. 
Lond.,  and  John  Buiggs,  M.A.  Camb.,  F.Z.S.    2s.  6d. 

[In  preparation. 

The  English  Language ;  Its  History  and  Structure.    By  W.  H.  Low, 
M.A.  Lond.  With  Test  Questions.  Sixth  Edition,  Hevised.  3s.  6d. 

"  A  clear  workmanlike  history  of  the  English  language  done  on  sound  principles." 

— S'i:iirila;/  licviexc. 

"The  author  deals  very  fully  with  the  source  and  growth  of  the  language.  The 
work  is  scholarly  and  accurate." — Schoolmaster. 

"  It  is  in  the  best  sense  a  scientific  treatise.  There  is  not  a  superfluous  sentence." 
— Educational  News. 

English  Literature,  The  Tutorial  History  of.     By  A.  J.  Wyatt, 
M.A.  Lond.  and  Camb.    Second  Edition.    2s.  6d. 

"This  is  undoubtedly  the  best  school  history  of  literature  that  has  yet  come 
under  oui'  notice." — Guardian. 
"  A  very  competent  piece  of  workmanship." — Educational  News. 
"  The  scheme  of  the  book  is  clear,  proportional,  and  scientific." — Academy. 
"A  sound  and  scholarly  work." — St.  James'  Gazette. 

The  Intermediate  Text-Book  of  English  Literature.  By  W.  H.  Low, 

M.A.  Lond.,  and  A.  J.  Wtatt,  M.A.  Lond.  and  Camb.    6s.  6d. 

"  Really  judicious  in  the  selection  of  the  details  given." — Saturday  Review. 

"This  volume  seems  both  well-informed  and  clearly  written.  Those  who  need 
a  handbook  of  literature  will  not  readily  find  a  more  workmanlike  example  of 
this  size  and  price." — Journal  of  Education. 

"  The  histoiucal  part  is  concise  and  clear,  but  the  criticism  is  even  more  valuable, 
and  a  number  of  illustrative  extracts  contribute  a  most  useful  feature  to  the  volume. 
As  a  compendiiun  for  examination  purposes  this  volume  ought  to  take  high  rank." — 
i'Chool  IVorld. 
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Bnglisb  Classics. 

Bacon's  Essnys,  I.-XX.    By  A.  F.  Watt,  M.A.  Oxon.    Is.  6d. 

Chaucer.— Prologue,  Knight's  Tale.  By  A.  J.  Wyatt,  M.A.  Lond. 
and  Camb.,  with  a  Glossary  by  S.  J.  E^AN.S,  M.A.  Lond. 
2s.  6d.    Also  separately,  The  Prologue,  Is. 

"  Quite  up  to  date.   The  Glossary  is  excellent."— jWo/vu'mi?  Post. 

Chaucer.— Prologue,  Ifnn's  Priest's  Tale.     By  A.  J.  Wr.vrT,  M.A. 

With  Glossary.    2s.  6d. 

Chaucer.— Prologue,  Man  of  Lawes  Tale.  By  A.  J.  Wyatt,  M.A. 
With  Glossary.  2s.  6d.  ' 

Chaucer.- Prologue.  Squire's  Tale.    By  A.  J.  Wtatt,  M.A.  With 

Glossary.    2s.  6d. 
Dryden.— Essay  of  Dramatic  Poesy.    By  W.  H.  Low,  M.A.  3s.  6a. 
Dryden.— Defence  of  the  Essay  of  Dramatic  Poesy.    By  Allen 

Maavek,  B.A.  Lond.    Is.  6d. 
Dryden.— Preface  to  the  Fables.  By  Allen  Mawee,  B.A.  Lond.  Is.  6d. 
Langland.— Piers  Plowman.  Prologue  and  Passus  l.-VII    Text  B 

By  J.  F.  Datis.  D.Lit.,  M.A.  Lond.    4s.  6d. 
Milton — Paradise  Eegained.  By  A.  J.  Wyatt,  M.A.    23.  6d. 

"The  notes  are  concise  and  to  the  vomt."~Camhridge  Review. 

Milton.— Samson  Agonistes.   By  A.  J.  Wyatt,  M.A.   2s.  6d 

"  A  capital  J ntroduction.    The  notes  are  es-cAXent."— Educational  Times. 
Milton—Sonnets.   By  W.  F.  Masom,  M.A.  Lond.  and  Camb.  "is  6d 
Shakespeare.    By  Prof.  W.  J.  Rolpe,  D.Litt.    In  40  volumes. 
2s.  6d.  per  Volume. 
Henry  VI.    Part  I, 
Henry  VI.    Part  II. 
Henry  VI.    Part  III, 


Comedy  of  Errors 
Merry  Wives  of  Windsor 
Love's  Labour's  Lost 
Two  Gentlemen  of  Verona 
The  Taming  of  the  Shrew 
All' s  Well  that  Ends  Well 
Measure  for  Measure 
Henry  IV.    Part  I. 
Henry  IV,    Part  II, 
Henry  V. 


Kichard  III, 
Henry  VIII, 
Romeo  and  Juliet 
Macbeth 
OtheUo 
Hamlet 
Cymbeline 


Coriolaniis 

Antony  and  Cleopatra 
Timon  of  Athens 
Troilusand  Oressida 
Pericles 

The  Two  Noble  Kinsmen 
Titus  Andronieus 
Venus  and  Adonis 
Sonnets 


ffierchant  of  Venioe 
Tempest 

Midsummer  Night's 
Dream 


2s.  per  Volume. 

^^^""Pje  lt  King  John 

Much  Ado  About  Nothing    Richard  II, 
Twelfth  Night  King  Leax 

.  '  Winter's  Tale  Julius  Caesar 

This  edition  is  recommended  by  Professor  Dowden,  Dr.  Abbott,  and  Dr.  Furniyall 
Shakespeare.-Honry  Vin.   By  W.  H.  Low,  M.A.  Lond  2s 
Jjpenser.-Faerie  Queene,  Book  L     With  Introduction  Notes 
and  Glossary,  by  W.  H.  Hill,  M.A.  Lond.    2s.  6d  ' 
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Ethics,  Manual  of.    By  J.  S.  Mackenzit;,  Litt.D.,  M. A.,  Professor  of 

Logic  and  Philosophy  in  the  University  College  of  South  Wales 
and  Monmouthshire,  formerly  Fellow  of  Trinity  College,  Cam- 
bridge, Examiner  in  the  Universities  of  Cambridge  and  Aberdeen. 
Fourth  Edition,  enlarged.  6s.  6d. 
"  In  writing  this  book  Mr.  Mackenzie  has  produced  an  earnest  and  striking  con- 
tribution to  the  ethical  literature  of  the  iima."— Mind. 

"This  excellent  manual." — Interniit  ional  Journal  of  Ethics. 
"  Written  with  lucidity  and  an  obvious  mastery  of  the  whole  bearing  of  the  subj  ect." 
— Standard. 

Logic,  A  Manual  of.  By  J.  "Welton,  M.A.  Lond.  and  Carab., 
Professor  of  Education  in  The  Yorkshire  College,  Victoria 
University.  2vols.  Yol.I.,  <Seco«rfjS'<iii!«oM,  8s.  6d. ;  Vol.11. ,6s.6d. 

This  book  embraces  all  those  portions  of  the  subject  which  are 
usually  read,  and  renders  unnecessary  the  purchase  of  the  numerous 
books  hitherto  used.  The  relative  importance  of  the  _  -tipns  is 
denoted  by  variety  of  type,  and  a  minimum  course  of  reading  is  thus 
indicated.  . 

Vol.  I.  contains  the  whole  of  Deductive  Logic,  except  Fallacies 
which  are  treated,  with  Inductive  Fallacies,  in  Vol.  II. 

"  A  clear  and  compendious  summary  of  the  views  of  various  thinkers  on  important 
and  doubtful  points."— ./owrani  o/iV/i(ca<to«.  _         .    vj-  •  • 

' '  Unusually  complete  and  reUable.  The  arrangement  of  divisions  and  subdivisions 
is  e-KcAXent."— Schoolmaster. 

"The  manual  may  be  safely  recommended."— Adwcotionaf  Iimcs. 

Psychology,  A  Manual  of.    By  G.  F.  Stout,  M.A.,  LL.D.,  Fellow 

of  the  British  Academy,  Professor  of  Logic  and  Metnphysics  m 
the  University  of  St.  Andrews,  late  Examiner  m  Mental  and 
Moral  Science  in  the  University  of  London.    Second  Edition, 
Revised  and  Enlarged.    8s.  6d. 
"  It  is  unneoessai-y  to  speak  of  this  work  except  in  terms  of  praise.   There  is  a 
refreshing  absence  of  sketchiness  about  the  book,  and  a  clear  desire  manifested  to 
help  the  student  in  the  sm\,]gq.V'— Saturday  Renew.  ;„.^„,,.„w„ 
'  'The  book  is  a  model  of  lucid  argument,  copious  m  its  facts,  and  will  be  invaluable 
to  students  of  what  is,  although  one  of  the  youngest,  pernaps  the  most  interesting 

°^^^^^t^Znt^s^t^"yd\l  be  much  Ughtcned  by  the  lucidity  of  the  style  and  the 
numerous  illustrative  facts,  which  together  make  the  book  highly  mtcrestmg.  - 
Literary  World. 

Psychology,  The  Groundwork  of.    By  G.  F.  Stout,  M.A.,  LL.D. 
4s.  6d. 

"  All  students  of  philosophy,  both  beginners  and  those  ^l\°.^°'i^l,^,ff  "'^^ 
selves  as  '  advanced,'  will  do  well  to  '  read,  mark,  learn,  and  inwardly  digest  this 

''°°TM;wo{k  c'fbf  "Commended  to  the  student  as  a  good  introduction  to  a  some- 
what  modern  sabiact."— Westminster  Keview. 
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frencb. 

Junior  (or  The  Preceptors')  French  Course,    By  E.  "Weekley,  M.A. 

Lond.  and  Dumb.,  Profeaaor  of  French  at  University  College, 

Nottingham.    2s.  6d. 
"The  execution  is  distinctly  an  advance  on  similar  courses."— /ourMa;  of 
Education. 

"  A  clear  and  satisfactory  book  on  the  elements  of  French  Gramniar.  The  use 
of  tenses  and  irregular  verbs  are  well  treated,  and  the  exercises  well  chosen."— 
Academy, 

The  Matriculation  French  Course.    By  E.  Weekley,  M.A.    3s.  6d, 

"The  study  of  this  course  will  form  an  excellent  preparation  for  the  London 
Matriculation  Examination." — Secondary  Education. 

The  Tutorial  French  Accidence.    By  Ernest  Weekley,  M.A. 
With  EXEECISES,  Passages  for  Translation  into  French,  and  a 
Chapter  on  Elementary  Syntax.    Third  Edition .    3s.  6d. 
"We  can  heartily  recommend  it." — Schoolmaster. 

The  Tutorial  French  Syntax.  By  Ernest  Weekley,  M.A.,  and 
A.  J.  Wtatt,  M.A.  Lond.  and  Camb.  With  Exercises.  3s.  6d. 

"It  is  a  decidedly  good  book  and  should  have  a  ready  sale." — Guardian. 

"  Mr.  Weekley  has  produced  a  clear,  full,  and  careful  Grammar  in  the  '  Tutorial 
French  Accidence,'  and  the  companion  volume  of  '  Syntax,'  by  himself  and  Mr. 
Wyatt,  is  worthy  of  it." — Saturday  Review. 

The  Tutorial  French  Grammar.  Containing  the  Accidence  and  the 
Syntax  in  One  Volume.  Second  Edition.  4s.  6d.  Also  the 
Exercises  on  the  Accidence,  Is.  6d.  ;  on  the  Syntax,  Is. 

French  Prose  Composition.    By  E.  Weekley,  M.A.    3s.  6d. 

"The  arrangement  is  lucid,  the  rules  clearly  expressed,  the  suggestions  really 
helpful,  and  the  examples  carefully  chosen." — Educational  Times. 

Junior  (or  The  Preceptors')  French  Reader.    By  E.  Weekley,  M.A. 
Lond.andOamb.  WithNotes  and  Vocabulary.  Second  Edition.  Is.Gd. 
"Avery  useful  iirst  reader  with  good  vocabulary  and  sensible  notes." — School- 
master. 

French  Prose  Reader,  Edited  by  S.  Bahlet,  B.  hs  Sc.,  Examiner 
to  the  CoUege  of  Preceptors,  and  W.  F.  Masom,  M.A.  Lond. 
and  Camb.  With  Notes  and  Vocabulary.  Third  Edition.  2s.  6d. 
"Admirably  chosen  extracts.  They  are  so  sele  :ted  as  to  be  thoroughly  interesting 

and  at  the  same  time  thoroughly  illusti-ative  of  all  that  is  best  in  French  literature." 

—  School  Board  Chronicle. 

The  Matriculation  French  Reader.    Containing  Prose,  Verse,  Notes, 

and  Vocabulary.  By  J.  A.  Peeeet,  Ofacier  d' Academic,  Uni- 
versity of  France.    2s.  6d.  \_Shortli/. 

Advanced  French  Reader.    Edited  by  S.  Baelet,  B.  es  Sc.,  and 
W.  F.  Masom,  M.A.  Lond.  and  Camb.    Second  Edition.    3s.  6d. 
"Chosen  from  a  large  range  of  good  modern  authors,  the  book  provides  excellent 
practice  in  '  Unseens.'  "—Schoolmaster. 

Higher  French  Reader.  Edited  by  Eenest  Weekley,  M.A.  Ss.  6d. 

"  The  passages  are  well  chosen,  interesting  in  themselves,  and  ropreseatatiYe  of 
the  best  contemporary  stylists."— ./oHr««/  of  Education. 
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Xatin  aub  (BreeK  Claesics. 

[See  also  page  13.) 

The  editions  of  Latin  and  GiiEEK  Classics  contained  in  the  Uni- 
versity Tutorial  Series  are  on  the  following  plan: — 

A  short  Introduction  gives  an  account  of  the  Author  and  his 
chief  works,  the  circumstances  uuder  which  he  wrote,  and  his  style, 
dialect,  and  metre,  where  these  call  for  notice. 

The  Text  is  based  on  the  latest  and  best  editions,  and  is  clearly 
printed  in  large  type. 

The  distinctive  featui-e  of  the  Notes  is  the  omission  of  parallel 
passages  and  controversial  discussions  of  difficulties,  and  stress  is 
laid  on  all  the  important  points  of  grammar  and  subject-matter. 
Information  as  to  persons  and  places  mentioned  is  grouped  together 
in  a  Historical  and  Geographical  Index  ;  by  this  means  the 
expense  of  procuring  a  Classical  Dictionary  is  rendered  unnecessary. 

The  standard  of  proficiency  which  the  learner  is  assumed  to  possess 
varies  in  this  series  according  as  the  classic  dealt  with  is  usually  read 
by  begiuners  or  by  those  who  have  already  made  considerable  progress. 
A  complete  list  is  given  overleaf. 

VoCABULAiilES,  arranged  iu  order  of  the  text  and  interleaved  with 
writing  paper,  are  issued,  together  with  Test  Papers,  in  the  case  of 
the  classics  more  commonly  read  by  beginners ;  the  price  is  Is.  or  (in 
some  instances)  Is.  6d.     A  detailed  list  can  be  had  on  application. 

Caesar.— Gallic  War,  Book  I.    By  A.  H.  Allcroft,  M.A.  Oxon.,  and 
F.  G.  Plajstowe,  M.A,  Lond.  and  Camb.    Is.  6d. 
"A  clearly  printed  text,  a  good  introduction,  an  excellent  set  of  notes,  and  a 
historical  and  geograpiiical  index,  make  up  a  very  good  edition  at  a  very  small 
price." — Schoolmaster. 

Cicero.— De  Amicitia  and  De  Senectute.    By  A.  H.  Allcroft,  M.A. 
Oxon.,  and  W.  P.  Masom,  M.A.  Lond.  and  Camb.    Is.  6d.  each. 

"The  notes,  although  full,  are  simple."— BrfucoifiOHa/  Times. 

Horace.— Odes,  Books  I.— III.    By  A.  H.  Allcroft,  M.A.  Oxon.,  and 
B.  J.  Hayes,  M.A.  Lond.  and  Camb.    Is.  6d.  each. 

"Notes  which  leave  no  difliciilty  unexplained."— 5cAoo/«ins(<;r. 
"The  Notes  (on  Book  III.)  are  full  and  good,  and  nothing  more  can  well  be 
demanded  of  thum."— Journal  of  Education. 

Livy.— Book  I.   By  A.  H.  Allcroft,  M.A.  Oxon.,  and  W.  P.  ilASOM, 
M.A.  Lond.  and  Camb.    Third  Edition.    Is.  6d. 
"  The  notes  are  concise,  dwelling  much  on  grammatical  points  and  dealing  with 
questions  of  history  and  archa3ology  in  a  simple  but  interesting  iasixxon."— .Education. 

Vergil.— Aeneid,  Books  I.— Xll.     By    A.   H.  ALLCROFT,  M.A. 
assisted  by  P.  G.  Plaistowe,  M.A.,  and  others.    Is.  6d.  each. 

Xenophon.— Anabasis,  Book  I.    By  A.  H.  Allcroft,  M.A.  Oxon., 
and  P.  L.  D.  KicnARDSON,  B.A.  Loud.    Is.  6d. 
"The  notes  are  all  that  could  be  icsiici."— Schoolmaster. 
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EDittOMS  Of  Xathi  aiiD  (Brceft  Classics. 


(Introdttction,  Text,  ajo)  Notes.) 


Akschylus  —  Eumenides,  3/6  ; 
Persae,  3/6  ;  Prometheus,  2/6  ; 
Septem  contra  Thebas,  3/6. 

AEiSTOPHAijrES— Ranae,  3/6. 

Caesae— Civil  War,  Bk.  1,  1/6; 
GaUic  War,  Bks.  1,  2,  3,  4, 
5,  6,  7,  (each)  1/6;  GaUic  War, 
Bk.  1,  Ch.  1-29,  1/6;  Gallic 
War,  Bk.  7,  Ch.  1-68,  1/6; 
Invasion  of  Britain  (TV.  20-V. 
23),  1/6. 

CrcEEO— AdAtticum,  Bk.4,  3/6 
De  Amicitia,  1/6  ;  De  Finihus, 
Bk.  1,  2/6  ;  De  Finihus,  Bk.  2, 
3/6:  De  Officiis,  Bk.  3,  3/6; 
Philippic  IT.,  3/6;  Pro  Cluen- 
tio  3/6  ;  Pro  Milone,  3/6  ;  Pro 
Plancio,  3/6  ;  De  Senectute,  In 
Catilinam  I.,  Pro  Archia,  Pro 
Balbo,  Pro  Marcello,  (each 
Book)  1/6. 

Demosthenes— Andi-otion,  4/6. 

Euripides— Alcestis,  1/6;  Andro- 
mache, 3/6;  Bacchae,  3/6; 
Hecuba,  3/6  ;  Hippolytus,  3/6  ; 
Tphigenia  in  T.,  3/6;  Medea, 
3/6. 

Herodotus— Bk.  3,  4/6 ;  Bk.  4, 
Ch.  1-144,  4/6  ;  Bk.  6,  2/6; 
Bk.  8,  3/6.  ' 

Homer— Hiad,    Bk.    24,   3/6 ; 

Odyssey,    Bks.    9,    10,  2/6; 

Odyssey,  Bks.   11,    12,  2/6, 

Odyssey,   Bks.    13,   14,  2/6; 

Odyssey,  Bk.  17,  1/6 
Horace -Epistles,  3/6;  Epodes; 

1/6;    Odes,   3/6;    Odes  (each 
Book)  1/6  ;  Satires,  4/6. 
Isocrates— De  Bigis,  2/6. 


'  Juvenal— Satires,  1,  3,  4,  3/6; 
Satires,  8,  10, 13,  2/6  ;  Satires, 
11,  13,  U,  3/6. 

LiTT— Bk.  1,  1/6  ;  Bks.  5,  21, 
22,  (each)  2/6;  Bks.  3,  6,  9, 
(each) 3/6  ;  Bk.  21,  Ch.  1-30, 1/6. 

LUCIAN— Charon  andTiraon,  3/6; 
Charon  and  Piscator,  3/6 
{shortly), 

Ltsias — Eratosthenes  and  Ago- 
ratus,  3/6. 

N  epos— Hannibal,  Cato,  Atticus, 
1/0. 

Ovid— Fasti,  Bks.  3,  4,  2/6; 
Bks.  6,  6,  3/6  [shortly); 
Heroides,  1,  5,  12,  1/6;  Meta- 
morphoses, Bk.  1,  1-150,  1/6, 
Bk.  3,  1-130,  1/6;  Bks.  11, 
13,  14,  feach)  1/6;  Tristia, 
Bks.  1,  3,  (each)  1/6. 

PL-ATO- Apology,  Ton,  Laches, 
Phaedo,  (each)  3/6 ;  Euthyphro 
and  Menexenus,  4/6. 

Sallust— Catiline,  1/6, 

Sophocles— Ajax,  3/6 ;  Anti- 
gone, 2/6 ;  Electra,  3/6. 

Tacitus— Agricola,  2/6  ;  Annals, 
Bk.  1,  3/6  ;  Bk.  2,  2/6;  Histories, 
Bk.  1,  3/6;   Bk.  3,  3/6. 

Terence— Adelphi,  3/6. 
Thucxdides— Bk.  7,  3/6. 
Vergh— Aeneid,    Books  1-12, 

(each)    1/6  ;     Eclogues,    3/6 ; 

Georgics,  1,  2,  3/6;  1,  4,  3/6. 
Xenophon— Anabasis,Bk.  1,1/6; 

Bk.  4,  1/6  ;  Cyropaedeia,  Bk. 

1,  1/6;  HeUenica  Bk.  3,  1/6; 

Bk.  4,  1/6;  Memorabilia,  Bk. 

1,  3/6  ;OecoTiomicus,  4/6. 
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Junior  (or  The  Preceptors')  Latin  Reader.    By  E.  J.  G.  Forse,  M.A. 
Lond.  and  Camb.    Is.  6d. 
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"  It  is  quite  an  interesting  selection,  and  well  done."— School  World. 
"The  selection  is  a  good  one,  and  the  notes  are  brief  and  to  the  purpose."— 
Jourii'il  of  Education. 
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Advanced  Latin  Unseens.  Being  a  Higher  Latin  Reader.  Edited  by 
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The  Tutorial  Latin  Dictionary.    By  F.  G.  Plaistows,  JL.\.  I/ond. 
and  Camb.,  late  Fellow  of  Queens'  College,  Cambridge.    68.  Gd. 
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431—404  B.C.    3s.  6d.      Sicily,  490—289  B.C.    Ss.  6d. 
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